TP he Book of the 


Rothamsted Experiments 


liY A. l>. HAM., M.A. 

|.|I5 r? t Tsst * . I, j S' »■> r ? S'» X' rn ? i' f »< , sj/'o-. ! i.-r sstir in 

I 1 ■; i I a. ,< s. ■ a 5 « % I ^ . 's 


i'.x! 3 !> -tMiH 111! \t IHMimv tn iHI J \S%l s u.|u* I I it HU- 

Mlt St i iiMMir ii i 


}.f).vr«f}% 

Mf nn.iv. .HTiutT, w. 




* 


I* R I', 1'' A c : I 

|\ irf J t li:; - ^,\|i‘-i‘illir|i! h 

i-ar-/ ^4 Iu^m iip'Ii, ^iii*l 

ii I V ! -i !4iniri-ii' III |.4jjir! <if fli** w^^rhl i'i|.*ri 

,Hhn\^- n -du^'tlinv;! !!iiili n timtUn* *4 triMlilpiii iiii«l 

« I 4iii *4 iirfii4; iih iiii ii;il 4«iiiMiif4 riif Ml , 

nhin..* ir**iii f li**’ M^? 4-^1 it wluii '‘M'-Miii Im lir*- tfir- 

M|j|rf ||' tll^^ M%|iM|'il||«^li! wilirJi | liilli *** IIM-’iV 
ill*" ir«.i*|44.ir !m iiipI ar**' iiiifl ^iiili 

|fc4'^4#''4 iii^yiv Mli4#^r%7tt iMfiH Mf viihi»^ aii^i iii^iuy iimI.;i!4<'' 

M'hwh lm4 f^?nti4 riM» *i|^|iMrfiiiiit\ !m 

til*' ii-Mrljy fi.Mr }iii4 I tfiM- |p^r^iiiiiiil ^utli iilntli 

■||'Ml|l«i nt<'* 4I|m}| ji* <rl iMli-'-j |4 llirir r%|fr-r:| 

«"},i»’M‘i 4^ Iia4^4lt Ih'mIi l^y *Mi||V*'r‘4d |M|4 |U|" 

r^4iiiir*'4, nnA ii«4|irii:;» 

« ;i!i !||m III fj|4t t ^»ii'5*--: *4 jiiniii^.* 

.1 %*-■ |jM-.at3Mii mI im miiI 

i.z h t iMsiii*' ;i'|% mill'll 4rsi^%3ii|^ n|i mt 

,IM m||s4 %%liP‘h, illi«" t||M !*♦ .ii44rMiMH"4 in llp'^ |l«^'i|4"l'itl 

III ill*' |*|iir«% t.li«^ #ititiit4<:^r t-li*^ niii^fiili'iiiriMii 

mI #\|4 }| r %|i*^riiii«"iif i%illi«»iil iitty fif i.fi«^ 'ni-'uii:* 

1mm r 4 rwiiiwljifll fif lliM |ilir}Mi-^-r ^lifli IIm 

« \%i%A iiriyiiiallf friiiii«-Mi. ||«fi«l*^.r^- *.#1 tl«** ll-fff-fiM 

M M I/. Hill iiMir rnrtiiiii 

i|iM fiifrMM*.fi in tin* iiiiiMh* * 

f ^ aii4 t #i|li^4i tlir. %w%‘ tM;’giliiiili|| ^'4 tlp’'ir 

I'lU* li ^ r|s4 111 f^MtiHM-4|i|if||rf% itir |Mi|tt^r^‘ %hi' iiiV« 


1 



PHEFAr’K 


viii 

gations often teiul 1<. arr.iun!'. -t ‘li i ^ • 

whole than (liHcussions of *‘’in'h “f i‘ ' }■ ■ .i » 
the dominant i<lea with which I-jiw. h .usd fu) .f v.. .. ■ . 

engro.s.sed. 

The outsider, ayaiii. win. has anv koMWi. .’:,-- a !. 

cannot fail to bring SHiiic idi*a.s nf hi.?* "wn v. iri.i, : 1 

illustrated and cliicidati*.! in tin* w«.rk <h>rt>- a* Id's 
For here comes tin* {tarticnhu- dis{in«j}..!i <4 I: . i 

Experiments ; the plots exist to day as tie y 3 -m s, c - . 

last fifty years or so. and records of tie- os ■i .i u; . i.ri • 
completeness remain of their jiast hi.s!<.i}, tlai is ■ S' ^ 
one looks closely into the material tie $«• i- ; u' • 

the science of tlie mitrilion of the plant ..?j who-, st • 

1)0 made to throw light. Iiid<‘«*d liiily a p<<rie'0 t ‘iu u r-, 
of the Itothamsted Kxjterinients ha?* t keen t '■ t- i '.mk 
matter will he di.scovcred in them as .•nr kn atl. o.;- .e > . 
and fresh lines of invc.stigation are oju ied ij|* s t /:•. 

in planning thi.s aceount I have tried to lo.4. ai < .e k - ij • , , . ; * 
from as general a [loint »jf view as |M.ssi!«je, and ’ . * lU 

what information it can afford hoth t.» the i 

cultural science and to the man more .Mcopi. tl j u ,* v .1 
problems, I have cudeavonred to s«mmaris«' undn tk- 
of each crop the mass of information iliat has .alt<a |. ' . ^ .i 
published in the long series of ««#!«' d >» >. .o-d i • 
add other fatds and detluctioni* niiiing ont <,f tie . . lu . 

which the original invest !gftt«»rs Imd not !»»iheti<» t*ees. ,1 k ? , 
publish. 

As to the purpose of the lamk, that is h*-.,! dealt »»sl* 
discussing the pur|>osc of the lioilmmstod Kiij*« nno3.u tl,. .. 
selves. They are, above all, nitempis to ohtam go ,oP4 . . 
to aseertoin the eonditioiis nnikr wliteh tin' |ilai»t gr * .u. I 
the soil 8upplie.H it with nutriment And a* tie- at 
knowMge is the prime r}}»j»4., jtraetlral r«ii»id4fraie 
on one side in framing the M'ltenie of the » | . r 

example, on one of the Eotbwnit^l fiehla w hf«it ha» I- ^ i» gr . 
for the kat sixty years, year after ymr, on she ..mim f 
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land with the same manures. As the British farmer never 
grows ■wheat continuously on the same land, and rarely uses any 
kind of manure for it, the whole experiment is from one point 
of view hopelessly unpractical; indeed many men might con- 
sider that to grow -wheat at all nowadays is unpractical. But 
the aim of the experiments is to find out how the tvheat plant 
grows, and the scheme of manuring and management adopted 
is the most practical method of solving that prohlem. Experi- 
ments which only aim at ascertaining how to derive the 
greatest monetary return from a given crop, however necessary 
they may he, are only of value for a short time and for the 
particular soil and locality where they are carried out. Dui-ing 
the period the Rothamsted wheat field has been under experi- 
ment the price of wheat has been as high as 75s. and as low as 
2Ss. ; any conclusions reached as to the most paying system at 
the former price would have to be altogether revised at the 
lower rates. There is, of course, every probability that price 
and other economic conditions may fluctuate just as much in 
the future as they have done in the past, but the one thing 
that will for ever remain unchanged is the manner in which the 
crop draws its nutrition from the air, the water, and the soil. 
Hence the farmer who best knows how this process takes 
place will, other conditions being equal, be the one best fitted 
to continue to derive a profit under the changing conditions. 

The great object, then, of the Rothamsted Experiments is 
to obtain knowledge that is true everywhere, and to arrive 
at principles of general application, leaving the farmer himself, 
through his more immediate advisers, to adapt these principles 
to his own practical conditions and translate them into pounds, 
shillings, and pence. Thus the farmer who visits Eothamsted 
must not expect to see demonstrations of the most profitable 
means of growing this or that crop, but rather to obtain 
information as to its habits and requirements which on 
reflection he can make useful under his own conditions. 
Some of the work also that is going on may seem to deal witli 
problems little connected with practice ; so remote, in fact, that 
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they never can have any l»eann,e: n|»on the IniHincsM (»f fartning. 
There are, however, many matters in wlheh the aetnal farmer 
will always have to rely npon the uilvier of scientific experts, 
and as a rule the nnpractieaMookinj^ experiments are devised 
to settle this or that point on which the sciimtifie man mtis! 
hav(‘ information in orfler to form a conaart jjidgment for tlm 
guidance of the {n-aetical man. 

Agrieultiiral seienee involves .some of tin* most c*om|)}i*K 
and diflieult {a’ofdems the world is I’ver likely to hfive to .s»(!vc. 
and if it is to continue to he of hemdit to the working farmer, 
tiie investigation.H, as far us their aettml WHiduet goes, must 
vijrv quickly i«iss into regions where only the professional 
scientifie man c!<in hope t«> follow them. However, it is not 
with such research that the jiresen! vohmnj tlenls; liere, I 
trust, there is nothing that the farmer with an intidligent 
inten'.st in his profession euniioi appreciufe ami fmd useful, 
'rite hook is inlemhnl, firstly, for any man eoiicenieil with the 
management of land, whether farmer or market gardener, land 
(twner or agent, who wants to learn sonndlnug of the prr>cess< > 
going on in ilte growing crop and in the soil, as they luive heen 
elucidated hy the incest complete set of fiehi experitnenfs tie* 
world lias yet seen, SecomUy, the hook is inteiuled for the 
jigricultura! stiulent; it will furnish a riiiwiiiig commoiitary on 
a very large fjortion of the Information ho fimis in his text- 
hooks on agriculture and agricultural cflutmistiy?. It is of great 
importanco to the student that he should from time to time get 
ill touch with the sources of the statements ami conclusions le* 
reails in his text- hooks or hears in lecture, sinee he ohtaiii** 
therehy some idea of the extent to which these stiilemenls can 
he triisteil to apply to tvorking conditi«>ns, laistly, the !H«ik is 
intended ftir the agriciiltumi teacher and expert, for whom it 
will provitlo a certain atnotutt of unpiihlislied matter con 
cerning Itothamstod, and will also serve as a guide to ilm 
very extonsivo sorios of ro|Kirts issued hy l#axvcsand HilheU 
To this end reforanoos liavo lieen nddeil at thtf close of each 
chapter to tlio original pa|^r* dealing with the siihjeit. 


i 


PliEFACK 



Througlumt I have kept the teacher in vi(«w, ami ha%'»- 
(nuleavoured ttj xupply him with the ainnmarieH ami ilhi^ 
trations which will he iwetiil in Iuh cIhhh work. 

Of cenrsc, in many rcHpects the hotik cuverH tin; wime 
ground as the Huminary of the RothamHt(;<l ExperimentH dra vMj 
up by (till»ert for his lectures in Annwica, which witre publishi'd 
lM>th l>y the ITnitinl States I lejmrtment of Agriculture and tsy 
the Highland ami Agricultural So(;iet y of Stmt land in I who. 
The American hictures were, however, in the main inlemlcd 
for the r«;ader wh<» was alrea<ly e<juijip<!d with a con. ni dent hie 
knowledge of agricultural .science; on tin; om* hand, they diil 
not deal witlj all fh«; Utithamsted work, ami on the <»ther, they 
w(*ut into much greater detail than is l»ere attAunpted. In the 
present ho(*k I hav«* emleavf»nre<l to nuike mat.ter.H plain in 
the non-teehnieal reafler ami to elueiflate tlm snhject hv 
cliagratns juid simplirnsl tables, letiving the spceiulist t o con.sull 
tin; original |Kiper.s for ftillor information. 

Hy the kind j>ortniasi<»ii of Mr K. Warington and the 
Oouncil of the Royal Society, I hav«; been jiermitted to repritit 
Mr VVarington’Haeconnt of Lawes and ( tiliaul from the Obitimry 
Notices of the Royal S<K;iety, Jiml this forms the best intro 
duction to the history of the Rtjtluunsted ExjHaiments and the 
; jjer.sonaiity of tln*ir fonnders. 

In the Appendix will Im* found a btbliogriipl»y of all lh»* 
more iniportant papers l.s,Hiu*d by I,awt!s and (filbert, togetln*! 
with other.s whieh deal wiili Itolliarnsted tuitUa’ial by iinle 
' pemient in%esiigators. A list will also !>e found of prevhiiis 

t books whieh have given a general jiceoiint of the experiments, 

•'‘'••uding Dr Freani’s litlie book pttbltshed in Ihhh, which, 
igh dealing only with wheat, lairley, and griiss, has fm im d 
so many rea*lers their introduction and gtiith; t*» the 
liamsted investigations, 

k !i.st is given of the men %vho have wi»rkeil tit the 
Laboratory, either as tnenibfrs t)f the stalT, or us voliiniuiy 
kers for a long or short petriod. Allhotigh by the tcrim* 
he trust dotal no tenchiiig may be d»me at tin; Stiitioii. 
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accommodation may be provided for men capable of assisting in 
research ; such men are welcomed and are given all facilities for 
carrying out special investigations with the material in which 
the Station is so rich. 

In this book little has been said of the work now in progress ; 
speaking generally, the old plots as described are being continued 
without essential change, but the cui'rent investigations deal 
chiefly with the composition of the crops produced and with the 
soil. The bacterial life of the soil forms indeed the unknown 
territory which promises the greatest reward to the explorations 
of the agricultural chemist of to-day. 

In the preparation of the book, I have to thank Dr H. J. 
Miller for most of Chapter II., and both him and Mr J. J. 
"Willis for much detailed information and many facts that have 
never been recorded. Dr H. T. Brown, F.E.S., and Dr J. A. 
Voelcker have been good enough to read the proof-sheets and 
make many suggestions. Particularly I have to thank Mr G. 
T. Dunldey for the great trouble and care he has taken over 
the preparation of the tables and diagrams ; without the help 
of his knowledge of the past history and his familiarity with the 
records, I should have found it impossible to prepare this account 
of the Eothamsted Experiments. 


The Rothamsted Experimental Station, 
Harpenden, March 1905. 


A. D. Hall. 
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BIOGRAPHICAL INTRODUCTION 


Sir John Bknnkt T^awks, Bart., 1814-11)00 

The manor-lion.se of Rotliam.stcrl, .sitnati^d in tlic [larish of 
Harpenden, Herts, was the birthplace of John Bonnet Lawes, 
and the Rothamstcd farm bocatno, in snliseijuent years, the 
scene of the great work of his long life. So far-reaching Have 
been the results which ho achieved, that the name of Jlotham- 
sted is now a household word wherever the science of 
Agriculture is studied. 

The ancestors of Sir John Lawes had occufiiod Kotharnsted 
for many generations. Jaques Wittewrongo came to Enj^land 
from Flanders in 1564, owing to the religious jiersecution tlien 
prevailing. The manor of Uotliamstod was purchased in 1 (J23 
for his grandson, John Wittewrongo, who was then a minor. 
John Wittewrongo was knighted by Clharles 1., and afterwards 
created a baronet by Charles 11, In con.Hoquonce of the ftiilure 
of male heir.s, the manor passed to the Bennot family by the 
marriage of Elizabeth Wittewrongo with Thomas Bonnot, and 
finally to the Lawes family by the marriage of Mary Bonnet 
(great-granddaughter of James Wittewronge) with Tliomas 
Lawes. His son, John Bennet Diwes, was the father of the 
John Bennet Lawes of whom we have to speak, who was bom 
at Rothamsted on December 28, 1814. 

John Bennet Lawes was an only son. He lost his father 
when eight years old, and owed much tf) his mother’s bringing 
lip. He seems to have led the life of a country boy, and his 

* Reprinted from the Obituary Notices of the Royal .Society, 
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studies lie afterwards described as being “ of a most desultor}’’ 
character.” Experiments in chemistry, made at home, seem to 
have been one of his favourite occupations. He was sent 
successively to Eton, and to Brasenose College, Oxford, which 
he entered in 1832. While at Oxford he attended some of tlie 
lectures of Dr Daubeny, the professor of chemistry. He left 
the University without taking a degree. 

In 1834 Mr Lawes entered on the personal management of 
the home farm at Rothamsted, then of about 260 acres ; he at 
the same time threw himself heartily into chemical investiga- 
tions. He tells us : “At the age of twenty I gave an order to a 
London firm to fit up a complete laboratory, and I am afraid it 
sadly disturbed the peace of mind of my mother to see one of 
the best bedrooms in the house fitted up with stoves, retorts, 
and all the apparatus and reagents necessary for chemical 
research. At the time my attention was very much directed to 
the composition of drugs ; I almost knew the Pharmacopoeia 
by heart, and I was not satisfied until I had made the acquaint- 
ance of the author, Dr A. T. Thomson. The active principle 
of a number of substances was being discovered at this time, 
and, in order to make these substances, I sowed on my farm 
poppies, hemlock, henbane, colchicum, belladonna, etc. Some 
of these are still growing about the place. Dr Thomson had 
suggested a process for making calomel and corrosive sublimate 
by burning quicksilver in chlorine gas. I undertook to carry 
out the process on a large scale, and wasted a good deal of 
time and money on a process which was, in fact, no improve- 
ment on the process then in use.” At this time Dr Anthony 
Todd Thomson, Professor of Materia Medica at University 
College, London, was his chief instructor and adviser. An old 
barn at Rothamsted was transformed into a laboratory, and 
here the calomel was afterwards made ; this laboratory 
remained in active use till 1855. 

The researches of De Saussure, on the nutrition of plants, 
seem to have first called Mr Lawes’ attention to the relations 
between chemistry and agriculture. In 1837 he commenced 
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experiments in pots with agricultural plants, the inannres made 
use of supplying various elements of plant food. These (^xi)t;ri- 
ments were continued on a larger scale in and IHUh. 

Spent animal charcoal was then a waste prodtict, ami Mr 
Lawes was asked by a London friend if it could be turned to 
any use. He therefore employed it as a immure in his pot 
experiments, and discovered that if previously treated with 
sulphuric acid its efficacy as a manure was greatly increased. 
Apatite and other mineral phosphates were soon treated in a 
similar manner, and the “superphosphate of lime,” thus 
])repared, was found to be most effective as a manure, especially 
for turnips. The new superphosphate was employed on a 
large .scale for crops on the Rothamsted farm in 1H4() and 
1841, and the results were so satisfactory that in 1842 Mr 
I^awes took out a patent for the manufacture of super- 
phosphate. 

The application of sulphxrric acid to hones ha<l been 
practised before the date of Mr Lawes’ patent ; the novelty of 
his patented invention consisted in the treatment of mineral 
phosphates in tins manner. The supply of lion© availaltle for 
farmers is but small, hut the supply of apatite, coprolite, and 
of the various rock phosphates discovered in recent yeai’s, is 
almost unlimited. These mineral phosphates are usually too 
insoluble to have any practical value as manure, but by treat- 
ment with a limited quantity of sulphuric acid, a mixture of 
monocalcic pho.sphate, jihosphoric acid, and gypsum is produced. 
The phosphates in this compound are almost entirely soluble 
in water, and far more elficacious as manure than the plios- 
phates of raw bone. The enormous influence which the 
introduction of superphosphate lias had on the development of 
agriculture may be gathered from the quantity now annually 
employed by farmers. The annual manufacture of super- 
phosphate in Great Britain amounts at present to about 
1,000,000 tons, while the total manufacture in the world is 
about six times this amount. If Sir John Lawes had done 
nothing more than introduce the manufacture of artificial 
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manures, he would still rank among the greatest benefactors 
to agriculture. 

The life of Sir John Lawes divides at this point into two 
parts. He became from the date of his patent a chemical 
manufacturer, carrying on an extensive London business, and 
as prosperity increased he embarked in a variety of enterprise.s. 
While, however, obliged to spend two days of every week in 
London, his devotion to agricultural research continued to 
increase, and the profits yielded by commerce were employed 
for the creation and maintenance of a large experiment station 
at Eothamsted. The experiments in the fields had already, at 
the date of his patent, reached a stage at which the continuous 
services of a trained chemist were urgently needed. On the 
recommendation of Dr A. T. Thomson, Mr Lawes engaged a 
young chemist who had studied under Liebig — Dr J. H. 
Gilbert. Dr Gilbert entered upon his work at Eothamsted in 
June 1843, and continued actively occupied in the scientific 
superintendence of the agricultural experiments during the 
whole of his long life. For fifty-seven years Lawes and 
Gilbert worked together on a great variety of agricultm’al 
problems ; of these labours and their results we shall give a 
brief account, after completing our sketch of the life of each 
worker. 

Mr Lawes married, in 1842, Caroline Fountaine, daughter 
of Andrew Fountaine, Esq., of Narford Hall, Norfolk. He 
enjoyed her society for more than fifty years, and her artistic 
power was not unfrequently employed in providing illustrations 
of the investigations in progress. As the commencement of 
manufacturing operations made great demands on his capital, 
Mr Lawes at this period let Eothamsted House, and for some 
years resided either in London or Devonshire. 

His first factory for the manufacture of superphosphate was 
erected at Deptford Creek in 1843. The business rapidly 
extended, and in 1857 about IfiO acres of land were purchased 
at Barking Creek, and a larger factory erected, including an 
extensive plant for the manufacture of sulphuric acid. In 1866 
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Mr Lawes purchased the tartaric and citric acid factory at 
Millwall. The purchase was unwillingly made, but the new 
work was taken up with his accustomed energy and enterprise, 
many economies and improvements were introduced, and the 
factory became the most important of its kind in this country. 
In 1872 he sold the whole of his manure business for £300,000 ; 
he retained the tartaric and citric acid factory till his death. 
Mr Lawes had also a large sugar estate in Queensland : the 
low price of sugar and the lack of cheap labour prevented, in 
this instance, a commercial success. 

The investigations at Rothamsted made rapid progress. In 
1848 were commenced the systematic field experiments on 
turnips and wheat ; the wheat field has grown wheat without 
intermission ever since. In 1847 the field experiments on 
beans commenced, and in 1848 those on clover, and on a four- 
course rotation. In 1851 the rotations of wheat and fallow 
and wheat and beans were started. In 1852 the field experi- 
ments on barley commenced. In 1856 those on grass land. 
In all about 40 acres were brought iinder experiment. Of all 
these crops complete chemical statistics were obtained. 
Experiments on sheep-feeding with various foods commenced 
in 1848. The whole bodies of ten animals — oxen, sheep, and 
pigs — of various ages and conditions as to fatness, were analysed 
between 1848 and 1850. In 1850 an extensive series of pig- 
feeding experiments was made. 

The extent of the work undertaken, its thoroughness, and 
the practical value of the results obtained, gained the admira- 
tion of both scientific and practical men. At a meeting of 
Hertfordshire farmers at St Albans, on December 24, 1853, it 
was resolved to present Mr Lawes with a testimonial. The 
circular issued states : “ It was considered that Mr Lawes has 
for many years been engaged in a series of scientific and 
disinterested investigations for the improvement of agriculture 
generally, which have been carried out to an extent, with an 
attention to accuracy and detail, and at a cost, never before 
undertaken by any individual, or even by any public institu- 
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tion.” The proposal was soon enlarged, and became national 
in its character. The subscriptions received amounted to about 
£1160. At Mr Lawes’ desire, the greater part of this sum 
was spent in the erection of a new laboratory, which was- 
opened at a gathering of distinguished agriculturists on July 
19, 1855, the Earl of Chichester presiding on the occasion. 
The speeches made by Mr Lawes, Dr Gilbert, and others, have 
fortunately been preserved. Mr Lawes, on this occasion, paid 
a warm tribute to the work done by Dr Gilbert. Beside.s the 
gift of the laboratory, Mr Lawes received a handsome silver 
candelabrum, bearing a suitable inscription. In later years the 
laboratory was found too small for the preparation and storage 
of the numerous samples, and additional buildings were 
erected. 

Mr Lawes was elected a Fellow of the Eoyal Society in 
1854, and in 1867 one of the Eoyal medals was awarded to him 
and Dr Gilbert for their systematic researches upon agricul- 
tural chemistry. Seven papers by Lawes and Gilbert have 
been published in the Society’s Philosophical Transactions. 

The connection of Mr Lawes with the Eoyal Agricultural 
Society was naturally a close one. He became a member of 
the Council in 1848, and was afterwards a vice-president and 
trustee. In 1893 the presidency of the Society was offered to 
him, but declined on account of his advancing years. In the 
Journal of the Society the gi*eater number of the reports on 
the Eothamsted agricultural investigations have been published ; 
forty-six reports had thus appeared before the year 1900, In 
1876 he took an active part in arranging for the commencement 
of the field experiments conducted by the Society at Woburn, 
in Bedfordshire. These experiments consisted in repetitions 
of the experiments at Eothamsted upon the continuous growth 
of wheat and barley with known manures, the experiments in 
this case being made upon a purely sandy soil ; they also 
included rotation experiments designed to test the raanurial 
value of cattle foods. These experiments were conducted on 
the Duke of Bedford’s estate, and at his expense. 
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The relations of Mr Lawes with the Chemical Society wei-cv 
also intimate. Ho became a Follow in 1850, and was elected 
to the Council in 1H()2. Tlu^ chief pai-t of the chemical worlc 
done in the Kothamsted Ial)oratory was communicated to this 
Society, and al)Out twenty-two lectures and papers by Lawes 
and (Til])crt, and other Rotliamsted workers, appear in the 
Journal and Transactions. 

Ml’ Lawes was a memlter of the Royal Commission 
appointctl in 1857 “To in({uire into the l)est mode of distri- 
buting the sewage of town.s, and applying it to iKmoficial and 
profitabh* u.s(!.s.” Two nnnnbers of this Commission, Lawes 
and Way, conducted for .several years important experiments 
on s(nvag(‘ irrigation at Rugby. Tins investigation dealt with 
the (juantity and comj»osition of the grass receiving varying 
amounts of sewage, ami its value as foo<l for fatt(vning oxen and 
milking cows, including the composition (jf the milk obtained. 
Th(! elllucmt waters fnan the irrigate<l fields wertsalso analysed, 
and the formation of nitrates in large <|uantitie8 was demon- 
strated. The final rc|)ort was publislied in IH(}5. 

The aid of Rotliamsted was again sought by the Govern- 
ment in the object in this ciase being to ascertain 

whether the malting of barley re.sulted in any incrime of its 
value as a food. A consiilcrable Imlk of barley was divided 
into two lot.s, one of which was malted, and the loss in dry 
matter ascertained; feeding (ixperirnents wiire then made, in 
which the nutritive effect of a given weight of barley was com- 
pared with tlint shown by the quantity of malt which could havo 
been produced from it. The trials with oxen, sheep, and pigs, 
were made at Kothamsted, and thosti with milking cows at 
Rugby. The full report was presented to Parliament in 1806, 

While the formal reports on the Rothamsteil investigations 
were to a large extent the work of Dr Gilbert, Mr Ltiwes was 
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His writings were always marked by great originality, they 
were also very practical in character. When bringing forward 
the results of recent scientific enquiries, he would avoid as far 
as possible the use of scientific language, and speak as a farmer 
to farmers. The fertility of the land and its relarion to 
landlord and tenant, and the manure value of foods, with the 
compensation due to an outgoing tenant for unexhausted 
manures, were subjects which he made peculiarly his own. 
For many years he sent annually to the Timas^ newspaper, in 
the early autumn, an estimate of the quantity of wheat yielded 
by the preceding harvest in this country. This estimate was 
based on the produce of the standard plots in the experi men till 
wheat field at Rothamsted ; as the produce here was over or 
under the average, so it was assumed would bo the genenil 
produce of the country. The estimates thus made proved 
generally to be near the truth. 

For his great services to agriculture Mr Lawes was created 
a baronet by the Queen in 1882. The degree of LL.l). Wiis 
conferred on him by the University of Edinburgh in 1877 ; 
D.C.L. by Oxford in 1893; and Sc.D. by Cambridge in 1894. 
He received the Legion of Honour from Napoleon II I. ; ho 
was also a Chevalier du Mcirite Agricole. He was electcfl a 
corresponding member of the Institute of France in 1879. In 
1863, he received a Gold Medal from the Russian Government. 
In 1881, the German Emperor awarded a Gold Metlal for 
Agricultural Merit to Lawes and Gilbert. 


Sir John Lawes early conceived the idea of perpetuating 
the Rothamsted investigations by placing the laboratory and 
fields in the hands of trustees with a permanent endowment 
for their maintenance. He first spoke of this in his speech at 
the opening of the new laboratory in 1855. In 1872 he 
publicly announced that he had set aside £100,000 for this 
purpose. By deeds executed by him in February 1889, t!»e 
laboratory and experimental fields were leased to Sir John 
Lubbock, William Wells, Esq., and Sir John Evans, as 
trustees, for ninety-nine years at a peppercorn rent. To the same 
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trustees he covenanted to pay the sum of £100,000, the interest 
on which was to be applied to the maintenance of agricultural 
investigations ixnder the direction of a Committee of nine 
persons, of whom four were to be nominated by the Royal 
Society, two l)y tlie Royal Agricultural Society, one by the 
Linnean Society, and one by the Chemical Society, the owner 
of Rothfimsted being always a member of tlie Committee. 
The appointment of new trustees when required was vested in 
the Royal Soci(;ty. The Managing Committee were at once 
appointed. They consisted of Sir John Evans, Dr Hugo 
Midler, Sir Michael Foster, and Sir W. T. Thiselton Dyer, 
nominated by the Royal Socicity ; Sir .lohn H. Thorold, and 
Cliarles Whitehead, Esq., nominated Ixy the Royal Agricultui'al 
Society ; William Carruthcrs, Esq., nominated Ixy the Linnean 
S(jciety ; Prof. H. E. Armstrong, nominated Ity the Chemical 
Society ; with Sir John Bennet Lawcs. Under this Committee, 
with but few alterations in their constitution, the direction of 
the work at Rothamsted has since proceeded. One provision 
of t he trust deed directs the Committee to send a lecturer from 
time to time to the United States of America to lecture upon 
the results of the Rothamsted investigations. 

The Jubilee of the Rothamsted Experiments was celebrated 
on July 29, 1893. The organisation of this celebration 
originated with the Royal Agricultuml Society. At a meeting 
on March 1, presided ovcsr by H,R,H. the I’lunce of Wales, it 
was resolved : “ That some public recognition should be made 
of the invaluable services rendered to Agriculture by Sir John 
IjEwes and Dr Oillmrfc.” A subscription list was opened, and 
with the contributions received a lai^e boulder of Shap granite 
was erected in front of the laboratory, bearing the following 
inscription “ To commemorate the completion of Fifty Years 
of continuous experiments (the first of their kind) in agriculture, 
conducted at Rothamsted by Sir John Bennet Lawes and 
Joseph Henry GHlbert. a.d. mdcccxciii.” A large and 
distinguished gathering was held in front of the laboratory 
on the afternoon of July 29, the Et. Hon. Herbert Gardner, 
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M.P., President of the Board of Agriculture, fu-esided. The 
Duke of Westminster, as President of the Royal Agricultural 
Society, presented to Sir John Lawes his portrait, painted hy 
H. Herkomer, R.A., and to Dr J. PI. Gilbert, a silver salver. 
He also presented congratulatory addresses to both Lawes and 
Gilbert from the subscribers to the fund, each addrc'ss being 
signed by H.R.H. the Pi’ince of Wales. The presentation of a 
large number of addresses from English and Eoreign Societies 
then followed, including one from the Royal Society. Sir 
John Lawes and Dr Gilbert then replied. A few of the 
words spoken by Sir John Lawes must be quoted. “ That 
afternoon he had to return thanks to that distinguished and 
brilliant assembly for their kind congratulations to himself and 
Dr Gilbert upon the work that they had been carrying on for 
the last fifty years. When two people were joined together in 
marriage they could not part, because they were Ixmnd' 
together by very solemn ties. But with regard to liimsclf and 
Dr Gilbert the case was quite different, Dr Gilbert cmdd have 
left him, or he could have left Dr Gilbert. Their connection, 
however, had lasted for more than fifty years. What was tint 
eause 1 Nothing less than mutual love of the work they had 
been engaged in. He (Sir John) had delighted in the work 
from the beginning. All the time he could spare in the midst 
of many other responsibilities and duties he had given to the 
work. But with Dr Gilbert it had been the work of his life. 
If it had not been for Dr Gilbert’s collaboration their investiga- 
tions would have been in a very different state to what they 
were then.” 

Shortly after the Jubilee celebration Dr Gilbert received 
the honour of knighthood. In September of the same year 
the Liebig Silver Medal was awarded to Sir John Lawes and 
Sir Henry Gilbert by the curators of the Liebig Foundation of 
the Royal Bavarian Academy of Sciences. In the following 
year, 1894, the Albert Gold Medal of the Society of Arts was 
presented to Lawes and GEbert by H.R.H. the Prinee of 
Wales, “for their joint seiwices to scientific agriculture, and 
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notably for the researches which, throughout a period of fifty 
years, have been carried on by them at the Experimental l‘’arui, 
liothamsted.” 

Something must now be said as to the jiersonality of the 
remarkable man whose life’s work we have attimiptcd to 
describe. He possessed an extremely vigorous consfilution, 
and when past 80, exhiliited but few of the iufirmitie.s of old 
age. His holiday was always spent in .Sciotland, and deer 
stalking and salmon fisliing were then his cdiiof occupations. 
At home, all his leisure time was spent on the farm. He was 
a keen observer, and knew the experimenbil fields liettcr than 
anyone else. His interest in agricultural probhnn.s nevm- 
tired, he was continually finding fre.sh subjects for impiiry. 
While gifted with a full share of the scientific imagination, he 
was thoroughly practical in his conclusioms. His long 
experience as a farmer, and the careful attention to economy 
learnt in business, were ofgr(*at use to him when he la-ought 
the results of scientific investigation liefore the agricnliural 
world. He took a broad, statosman-Hke view of all agricultural 
questions, and was looked up to by the English farnu-r as his 
safest guide and his highest authority. 

Sir John Lawes seldom took part in puhli(; functioms, he 
was not seen at meetings of .scientific societies, and took mi 
active part in politics ; excepting the hours unavoidably spent 
on his London Imsiness, he lived as far as possible a country 
life. It was, however, in no sense a secluded life ; his 
correspondence was very large, and tlie visitors to the 
li(Aham8ted experiments were extremely numerous and of all 
nationalities. They found at llothamsted a genial host and 
a ready guide to the fields, where the lessons taught by the 
experimental crops were described in biief and pithy sentences 
by one who knew thoroughly the whole history of each pilot. 

Sir John Lawes by no means confined his attention to 
science, agriculture, and business; lie was a man of active 
benevolence. The agricultural labourers of riarpomU'n found 
in him their best friend. Ho began to firovido allotment 
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gardens in 1852, and before bis death the number had reached 
334. In 1867 he built a club room in the gardens. Various 
co-operative schemes were started for the labourer’s benefit ; 
one of these has been immortalised by Charles Dickens, who 
visited the club room in April 1859, and afterwards gave an 
account of what he saw in the first number of All the Year 
Round. The welfare of his workmen at his various factories 
was equally considered. He exercised a wide private benevo- 
lence, and in his own parish was never appealed to in vain for 
any good work. 

Sir John Lawes’ life was prolonged to an unusual peiiod ; 
lie lived and worked and taught through two successive 
generations. His health remained very good till within about 
a week of his death. He died at Rothamsted on August 31, 
1900, in his 86tli year, and was buried at Harpenden. His 
only son, Sir Charles Bennet Lawes, who has assumed the 
additional name of Wittewronge, succeeds to the Rothamsted 
estate. 


Sir Joseph Henry Gilbert, 1817-1901 

Joseph Henry Gilbert was born at Hull on August 1, 
1817. He was the second son of the Rev. Joseph Gilbert, a 
Congregational Minister, who had previously held the position 
of Professor of Classics at the Divinity College, Rotherham. 
His mother belonged to a well-known literary family, and 
under her maiden name of Ann Taylor, was a popular authoress 
of poems for children. The family removed in 1825 to 
Nottingham, and it was here that the boyhood of Joseph Henry 
Gilbert was spent. He was first sent to an elementary school 
taught by a blind lady of great intelligence, and afterwards to a 
school kept by Mr Long at Mansfield. In 1832, while at Scar- 
borough, he met with a serious gunshot accident, which per- 
manently deprived him of the sight of one eye, and considerably 
damaged the other ; his general health suffered much from the 
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shock, and it was some years before he was able to rostune 
his studies. During this interval lie in 1H3H paiil a visit to St 
Petersburg. In tlie autumn of 1808 he liecarne a student at. tbe 
University of Glasgow; hero he devoted nearly a year to llui 
stiuly of analytical chemistry in the lalioratory of Prof. Thomas 
Thomson. * Materia-Mcdica was studied under Dr .F. Coujarr, 
and botany uuder Sir W. J. Hooker. He came to London in 
the autumn of 1839, and continued his studiiis at University 
College, where ho attended the chemical lectures and practical 
classes of Prof. T. Graham, and worked for a short time in the 
laboratory of Ih*of. Anthony Todd Thomson. He also studied 
natural philosophy under J, Sylvester, anatomy under Hr 
Grant, and botany under Lindloy at Chiswick, and made some 
[irogress in the German language. In 1840 he went to 
Germany, an<i spent a summer .Hcssion at Giessen, in the 
laboratory of Prof. Liebig. Hero ho took the degree of Ph.l ). ; 
two other English students, J. Stenhouse and h. IMayfair, after- 
wards to become celebrated as chemists, took their ilegrccs 
at,, the same time. On returning to Knglaml, Dr Gilbert 
renewed his studies at University Oolhige, and became (dass 
and laboratory assistant to Prof. A. T. Thoimson during the 
winter and summer sessions of 1840-41, In 184‘i hts left 
London and became consulting chemist to Mr Burd, a calico- 
printer in the neighbourhood of Manchester. The turning 
point of his life soon arrived. Mr Lawes ha<l already matlo 
his acquaintfince in the laboratory of I^rof. A. 'I'. Thomson, anti 
being in want of a t rained chemist to assist in the agricultural 
investigations he had commenced at Eothamsted, he, on the 
recommendation of I*rof. Thomson, engaged the services of Dr 
Gilbert. On June 1, 1843, Dr Gilbert entered on his work iifc 
Rothamsted. The connection between I^awes and Gilbert thus 
commenced continued till the death of Sir John I.a.we8 in 190C>, 
a period of fifty-seven years. 

The rapid development of the agricultural investigations at 
Eothamsted after the year 1843 has been already noticed in the 
preceding fwxount of tlie life of Sir John Lawes, The value of 
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the work done was largely dut! to the nureuiitted Ijilmiirs of J »r 
Gilbert. At the ojxnu'ng of the new lalMiraiory in .Mr 

Lawes said, “ 1 should be niosl uiigruti’fu! uere I to Kiujf. this 
opportunity of stating how greatly I am indebted f», thus'* 
gentlemen wdiose lives an^ devoted f«» the rondiiet and ruanago 
ment of iny experiment s. To l>r. Gilbert more ''.Hpofjallv, I 
consider a debt of gratitmle is due from mysrdf and rr«utj f\i*iy 
agriculturist in Great Britain. It is not e%ery genllomajj of 
his attoininents who %vould .subject himself to the eaprira* of aii 
individual, or ri.sk his reputation l>y folhaving the pursitit.s of $% 
science which has hartlly a ivcognised existence. For twelve 
years our acquaintantat has (*xi,sti'ij. and I Impe twelv \$mrH 
more will tind it continuing.” Tin* te,sfiij}ony borne by Sir dolm 
Lawes to his collwigue at the end of fifty years of tlndr joint 
work has botm already quoted in the preei dtng iireoimt of Sir 
John Diwcis. 

We must now' attempt to give some itlen of th»' speidal |«iri 
token by Sir Henry (Jilberf in the Nothafn.sieil invest luiiiion^. 
The two leaders of tin* work wen* in almnsi ilaily rotmtiltattait. 
Sir H. Gilbert spemling. as a rule, an hour at 
every day that Sir John laiwes was at home. The for 


Sir Joim Lawos coiitribitlial to tin 
knowledge of practiml agriciiliitfv. 
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research work. His knowledge of coUoqiiutl (Jmnni* oimido.l 
him in after years to descrilM^ the rcHults of the Roihinnst«‘»l 
investigations to many foreign visitors. His sjuTial ineiitnl 
characteristics also eminently fUftsl hita for tin* wjji-k snl* 
sequently Carried out. He was both cautions and painstiikiiig 
to a remarkal)lo extent, desiring to accuundato a great »iia.ss ot 
facts before coming to any ('Citain coindusion «|Htn fhein. llis 
mode of work was also extremely inctlunlical, and the method 
once adopted, after full considenitiofi. was etmtinued throjigli 
many subsequent years, thus giving rise to long series td' results 
obtJiincd in a perfectly similar manner, 'I’lie eontinuatioii <tf 
the same field experiments for more than fifty years, and tin* 
importiint results which s»il»se({uent!y ftdlowed frotn an l•xamiml 
tion of the soils so hmg umlcr ilefmite cultivation, may be cited 
as examples of Gilbert’s met ho<l. Under his eare. samiiles of 
the grain and straw from esieh ex|MU'iiitental plot, in each year 
wore preserve*! in the laljorattjry, ami also Hariijdes of tin; asli 
yielded by each. In later years, when samples of tin* stiils ainl 
subsoils of each pl<»t were repeatedly taken, large portions of 
each sample were also preserve*!. At his death tlu* mimber i»f 
samples stored for future reference in the laboratory and in tlu? 
a<ljoining building exce*!do*! r»(>,CMM), Tint bulk of tabulate*! 
records preimred by tht» chjrks at the laboratf»ry was *‘orre» 
sfwndingly largo. He thus laid the foiil}*iati(»n <»f tiiiu;h »oli*l 
work, ^he same charatrteristies ap|M»arti*l in his r«*|H»rls. 
These usually conUiined a groat bulk of «utm*rit;al statements, 
set forth in an onlerly rnann*!r, with not unfre*jiii*iitly only » 
small proportion of illuminating theory. The r<*e*ir*litig of 
observed facts seemed often to satisfy his object as an Investi- 
gator. When, however, a definite conclusion hail Im’oii arrivwl 
at it was tenaciously hokl, and if aHacke*! was vigor*atsly 
defendetl Sir Henry Gilbert was an aiitag«mfst who never 
tired. His controversies with Liebig, on the snbjeirt **f his 
mineral theory, and, in later years, with other Gerntitti Investi 
gators, on the source of fat in the animal bmly, will Im* well 
r^pemtered by his contemporaries. 
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Tin; life work of Sir Hmry {Jilltfrl will rhiclly Itc lomni in 
tlu; fiuhlislu'd reports (»!' the Ifot liitui.Htc'd iiivo.stigHtiaiis. wiju-h. 
nt tin; tiiuc of hin dfaih, hntl roaclird Um vj»ljinn‘H ; ihi* 
of th(!.s(f irivf'stioatioiis will Ih* hriofly iiuiifcd at tin- rlnso cd 
this liio'irapliy. Ilis work, liownvor, frr<jaon{ly rxfi*iirh»ti hryond 
tin; splua-f of the Hof hainstfd KspcrimcnlH, ll»* was Mr 
I«'iw('.s' scioiitific! aflvincr, and a« Hiirh ho playod an arfivo pari 
ill th<; trials whk-h took placo in the l,aw (*j»uris r«*s|H*«ihii; the 
alh'i^od infrini'ciuoiil of Mr I Jiwfs’ jHiirnt. Ho iiimh* r«*pur!s 
on di'posits of phosjihatt'H at Innno lynl a1»r»>ad. Ilo 

sufiorinlondcd tho «•xjw•rilu^^nts ridafitij' l<i fho disposal of 
snwfij'f at the; time* wln;n Mr Hawes was a itienther of the 
Royal (’onunisHiem of 1 h'» 7. Other im|n>!lant nnderlakiiiys will 
Ih; tnenti(»ned j>rfwiitly. 

Dr (tllHert was married in In.'iOto Hliza laiiirie, dauj„diler 
of the Ht‘V, (I. laiurie. His wifedie»i in iMiiU. He married a 
seeond time, in iHao, Mark Smith, who survives him. Sir 
Hmiry (lilltert owed miieli to his seetmd wife's tmtiriiig assist- 
awai. Tim feed tie eitmlitioii of his eyesight «d»lige«l him to rely 
a good deal «»ti elerieal he!|i. Iloth foreign and English j»aja;rs 
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Chemical Society in 1841, a few weeks after its formation, 
became a member of the Council in 1856, and a Vice-President 
in 1868. In 1882 he was elected President of the Society. 
Sir Henry Gilbert delivered four lectures before the Society, 
and was the part author of several other papers. In 1898 a 
memorable dinner was given by the Society to six Past- 
Presidents, all of whom had been members of the Society for 
more than fifty years : of these Past-Presidents Gilbert was the 
eldest. The President concluded his address to him by saying : 
“ The Eothamsted results will be for ever memorable : they are 
unique, and characteristic of the indomitable perseverance and 
energy of our venerated President, Sir Henry Gilbert.” 

Of the Linnean and Meteorological Societies Sir Henry 
Gilbert was also a Fellow, and occasionally read papers at 
their meetings. He was also a member of the Society of Arts. 
He became a member of the Scientific Committee of the 
Horticultural Society in 1868, and for many years regularly 
attended its meetings. 

In his summer holidays the meeting of the British Associa- 
tion for the Advancement of Science was generally attended ; 
his attendance commenced in 1842, and during many years he 
scarcely missed a meeting, and frequently read a paper 
describing some of the Eothamsted results. In 1880 he was 
President of the Chemical Section, and gave as his address, 
“A Sketch of the Progress of Agricultural Chemistry.” A 
tour on the Continent generally formed part of the summer 
holiday; agricultural laboratories and experimental stations 
were then visited, and the Naturforscher Versammlung, and 
other scientific gatherings, were often attended and papers 
read before them. In 1871, and the following year, the 
details of sugar-beet culture were studied in Germany, Austria, 
and France, preparatory to the commencement of experiments 
on this subject at Eothamsted. 

Three visits were paid to the United States and Canada. 
In 1882 he attended the meeting of the American Association 
for the Advancement of Science, at Montreal, and brought 
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iK'forc tlnnii th(^ n*(U‘nl dctiTmiaafiun.H of uifro<:rn itj flu* 
e^xpcriiiicntiil .soils at l»of iininsttsl A lour of jn*arly llu’Pt* 
tnoiilh.s wa.s afterwards luadu in the! rnitesi State's. Id Ih‘| 4 
he* wiiH !i“;ain at Montreal, at the* ineetinji: ttf the liritish 
A.ssoe'ieition, aiul afie'rwnrdH made' ei .seeauie! extensive ttaer 
thretuf'h North America. The host vi.sit was |Hiid in Ist*:!, 
jifteT the* (’e!ii*l>ratioji e»f tlee Hotham.sfed jnhilee*. for the* 
purpte.se of delivering a e*our.se of leetnri*s on the Ifothain.steii 
e*xperini(!nls, in jieeorilanee* witii a provision of Sir-folm I,iiwe.H' 
trust d(•(•d, Sir Henry fiilfeeirt first itlteiide*! the AMrienllnrai 
( lonsiross hehl in cejnntH'tion with the W«irl#« Fair at Fhieaiio ; 
here he hael a splemliel reee'ption, all present rising and 
e^heering for Home? time*, 'fei this Kxltitaiioii at ('hieagt» a large* 
eolleetion of iliagrams hael l>e?en se?nt from Kothamsteil, aiiel 
for the.Hi* a meeelal was aft{?rwarels awarde«i. Sir Henry (lilleert 
then gave ei e.eau'se of seven !eetur«‘s at the* State AgrieuUnra! 
('olh'ge at Amherst, Mass., taking as his H«hji»ct the chief 
results re'hiting fee tlie? erojes eerilimirily giaewn in rotiifieen, with 
theesf! relating tee the? fe?e*eli«g eif animals, oletaiiie*il at Ihethamsteel 
eluring the? previous fifty yeiars, These lectures, in an enlai^eil 
fiinn, w(*re aftcrwiirels pithlisheel ley tin* IJnitol Stales l)c|jari- 
nieiit of Agrittultiire, anel were repiintcel, with an inirtsiueloiy* 
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The transfer of the laboratory and experimental fields to 
the management of a committee appointed under Hir John 
I^wes’ trust deed of 1889 has been already mentioned. AftfU' 
this date the virtual direction of the experiments continued to 
remain in the hands of Lawes and Gilbert during their joint 
lives. For the information of the new committee Sir Henry 
Gilbert drew up a brief report on the investigations hitherto 
conducted, showing to what extent the results obtained had 
been already publishe<l, and making suggestions as to futui'e 
work. This i-eport was printed in 1891 for the use; of tlui 
committee. 

The celebration of the jubilee of the Itothamsted Experi- 
ments in 1893 has been already described in tlui notieo 
of vSir John Lawes, with the numerous honours sulisecpiently 
conferred on both Lawes and Gilbert. Dr Gilbert re- 
ceived knighthood from the Queen on August 1 1 of that 
year. 

Sir Henry Gilbert was a member of the committee 
appointed by the Government in 189(5 to take evident;e 
and report on the materials used in the manufacture of l)oer. 
The committee presented their report to the Trciasury in 
1899. 

He received many honorary degrees. The XJnivcn’sity of 
Glasgow made him LL.D, in 1883; Oxford, M.A. in 1884; 
Edinburgh, LL.D. in 1890; Cambridge, Sc.D. in 1894. Hts 
was a life governor of University College, 1/ondon ; a Corre- 
sponding Member of the Institute of France ; a Chevalier tin 
M^rite Agricole ; and an honorary member of many agi’icul- 
tural societies at home and abroad 

With a life so filled with many labours it need hardly ho 
said that Sir Henry Gilbert was possessed of a robust constitu- 
tion, He, however, suffered at times from ovor-brainwork, 
and his frequent excursions abroad were really needtsl to 
maintain a healthy tone. In later years he suffered nuich at 
times from internal j^in, the precursor, proliably, of his last 
illness. The death of Sir John Lawes in 1900 was naturally a 
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|j:i'cat .shtK-k t(» him. Hr* wan fairly vi;.'i)r«.nf 4 . howinfr, 
duriiij,' fhc next .sumijn-r, htif wan tak«-ii Kcrioii.dy ill diirim.' 
a visit to Scullaiid, and rcfurm'd hunn- with tiijjhidty. lf«* 
died at I larpctidfii on 1 >.*cciiil.«r L’.'k liMtl. in his k:,fi, 
yaar. 


ft. WaIUVi.IuX. 


CHAPTER I 

, THE SOUECES OF THE NITROGEN OF VEGETATION 

To arrive at a proper understanding of the scheme of the 
Rothamsted Experiments it is necessary to reconstruct a 
little the' kate of the knowledge of agricultural science at the 
tijTO they were begun in 1843. In many respects it was a 
period of considerable activity in matters agricultural ; the whole 
landed jnterest were making great efforts towards the improve- 
ment m land and stock and of methods of cultivation ; great 
areas of the country were being tile-drained and rendered for 
ftie first time suitable for arable cultivation, other poor sandy 
land was being reclaimed by marling and claying. A sign of 
the times was the establishment of the Royal Agricultural 
Society in 1838, and in its earlier volumes, particularly in the 
writings of Dr Daubeny on the scientific side, and those of 
Philip Pusey on the practical side, a good idea may be 
formed of the point of view of the intelligent farmer of that 
date. The science of the time had just reached a point which 
enabled a general theory of the nutrition of both plant and 
animal to be formed. In the latter part of the eighteenth 
century the researches of Priestley, followed up by Ingenhousz 
aM Senebier, had settled the fundamental fact that green 
plants in sunlight decompose the carbonic acid of the atmos- 
phere, setting free the oxygen and retaining the carbon, this 
being the source of the carbon which makes up the bulk of the 
dry , 'matter of plants. A little later De Saussure, who pfiblished 

A 
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his Hechcir/n'H Chhinqiu-^ siir hi in 1^01, confirmed 

the aljove-menfioncil diseoverii’H iuhI gave them a eohertmt 
shape. He tlimi prweetled to iH.senss fht; mineral or ash 
coiist.ituenla of plant. s, made a series of nmilyses of the ashe.H 
of various plant.s, and pointed out the im|ioilaivee eif thes** 
Huh.stnm'e.H in the nutrition of the plant. l>iivy, who.se lectures 
on Agricultural Olu'inistry to tlu^ Itoartl of Agriculture 
were pulilishwl in IBKl, though he did not advance the 
Hulyect nmeh hy his own investigations, y«*t did much siTvice 
in presmifing to tin; agricultural puhlic the science that 
was thtm available.. Ho laid more stress than hefore, on 
tlio iniportaneo of the ash con.stituents and the two of 
niaimr(?.s to sup|ily thtmi, hut lie nppear.s still to have con- 
sidered that much of the carhoiiuccons matler of plants 
was directly d(*rivcd from the humus of the soil, and that 
the asBimihition of <!!arhon from the atmo.sphere was t»f infnor 
imporliinee. 

Bous.Hingault’.H memorahle work hegan in IHtM, and in IB3H 
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is burned. From these simple substances the plant elaborates 
those compounds of carbon and nitrogen, such as storch, 
sugar, fat, and the proteids, which the animal requires for 
its food, and thereby reconverts into the original simpler 
materials. Liebig’s brilliant essay excited universal attention 
and roused the interest of both the scientific and practical 
men ot all civilised countries in the subject, so that to 
a very large extent we can date modern agricultural science 
from this stimulating puljlication. TTenceforward we may 
take it that the .source of the carbon of vegetation was no 
longer regarded as doubtful; it came from the atmo.sphere, 
and the humus of the soil practically contributed nothing 
to it. 

The origin of the nitrogen was however by no moans so 
settled : Do Saussure had concluded that plants wore unable to 
assimilate the free nitrogen of the atmosphere, but obtained it 
from the nitrogenous compounds in the soil and from the small 
amount of ammonia which ho showed to be present in ordinary 
air. Boussingault took out statistics of the nitrogen as well as 
the carbon supplied in manures and recovered in the crops ; in 
• 1838 he also published an account of experiments in which 
plants were grown in pots and supplied with known amounts 
of combined nitrogen, so as to ascertain if the growing plant did 
assimilate atmospheric nitrogen. While the crop statistics 
seemed to show in certain cases a considerable surplus of 
nitrogen removed in the crops during a rotation over that 
supplied in the manure, his direct oxpwiments, made ^as 
accurately as the chemistry of the time would permit indi- 
cated that plants drew only nitrogen from the soil or 
manure. 

The arguments of De Saussure and of BoussiHgault were 
adopted by Liebig in his first publication ; he considered tihe 
source of the nitrogen of vegetation was ammonia derived from 
the decay of the previous generation of plants or brought down 
from the atmosphere by the rain. In his later editions Liebig 
somewhat shifted from this point of view and began to minimise 
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tho importoncc of any supply of conihinctl nitro^'cn lo tin* 
plant; provided that tho soil wore snpjjlic'd with tho ininorai 
constitnents removed by the crop, he argnoii that it would l>o 
able to f^row luxuriantly and obtain for itself all 'tho iiitrooi.n 
necesHJiry. It is diflicult now to estimate exactly tin; positions 
held by controversialists of more than half a {‘ontury 
but tlnu'e. win be little doulit that Liebiy: «>veresfitiiateil 
the amount of ammonia which could be ol>taiin'd from the 
atmosplnsro, and that he and his followers, arguing from 
general grounds as to the origin of the original sfttek «if 
combined nitrogen in the world, w<'re disposed tft la^lieve 
that Kom(;, if not all, leafy phints could assimilate and fix 
free atmospheric nitrogen. 

S{)me little tiinti befon^ the |niblieation of Liebig’s re 
port, T^awes ha«I begun his experiments on a small seale; 
as early as h(> was makiiig trials in pots at Hotb 

amstcfl, atid these were year by yi*ar exteiuted lo the fields 
on the home, farm, until in 1H4;J the sea!«* !md so far in 
crtaised tliat he secured the ctt-ojn’rntion of («ill»erl and 
tho Rothamsted Experiments as ive now know them 


Curiously enough, at this very time (1842) Ur Uaiilmny, 


no immo 


arc tri< 


Kj er|iiauy we 
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this was the period of the first introduction of what we now 
call artificial manures ; the virtue of bones had long been 
known, and at Liebig’s instigation their phosphoric acid was 
being made soluble by acid, and dissolved bones were becoming 
an article of commerce. Lawes had followed up Henslow’s 
discovery of coprolites by converting them into mineral super- 
phosphate, and setting up the earliest manufactory of artificial 
manures. The first importations of Peruvian guano had been 
made, and nitrate of soda was also beginning to find its way 
into the country. 

With these and many other substances Lawes had been 
experimenting on a small scale, and the results of his trials 
and all his farming experience went to show that a supply 
of combined nitrogen in some form or other was not only 
necessary to the crop, but on the whole determined its 
yield to a far greater extent than the supply of ash 
constituents. Yet Liebig’s argument in the second (1843) 
edition of his report all inclined to represent the mineral 
manures as fundamental, and a supply of combined 
nitrogen as unnecessary, or at least of secondary import- 
ance. This question of the value or otherwise of nitrogenous 
manures supplied the main guiding principle in the design of 
all the earlier field experiments at Rothamsted, as will be 
evident when the individual fields come to be considered, and 
the controversy which arose with Liebig on the publication of 
the first reports from Rothamsted endured for more than a 
generation. Indeed the source and fate of the nitrogen of 
vegetation remained in one form or another the dominant 
interest in the Rothamsted Experiments up to the death of 
liawes and Gilbert. » 

The evidence from the field experiments that farm crops 
require a supply of combined nitrogen will be considered else- 
"where, as also the results of the determinations made of the 
amounts of ammonia and other nitrogenous compounds 
brought down by the rain ; in neither case was there evidence 
that a normal vegetation could supply itself with the necessary 
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nitrogen from atinosphoric HonrcM^s only. Affcnipfs had a!i«> 
been made to grow plants in artificial ni(?dia with a known 
supply of nitrogen, which could l»e conipar«‘d with the amount 
of nitrogen fouiul later in the fully grown plant. Tloussingaulf, 
to whom the first (‘xperiments of thi.s nature wen^ due, soon 
found that very (dalmrate preeautions must la? taken t«j obviate 
the influx of nitrogen either in dust or as aiuniouia in the 
atmosphert! and in tlu^ water employed, lienee in all his later 
0 xporiment.s the plants were grown in closed ea.ses feci with air 
from which all ammonia liad been withdrawn by aeid. Bous- 
singault’s conclusions were against the fixation of any nitrogen, 
but they were not acceptcul universally; in partieiilar, Villa 
brought forward other .similar expraaments, in which thfi plant 
showed a distinct gain of combined nitrogen. In lKr»7 the 
subject was takmi up at Hothnmsted, and a most ehiliornfo 
series of exporinients w(‘r»> earried out by l>r Eviiit Bitgli, 
at that time working in the Eotliainsted laltoratt^ry. The 
expcsriniental plants weere grown under glass shailes, and 
every precaution was taken to ensure the freedoni from 
ammonia of the air entering the slnuies, and also of the other 
inaterial»-“t!so burnt earth, the jwts, the water, the matmros— 
employoti in the experiment. 

The experiments were made with wlitfat, l)iirlt»y, mils, clover, 
beans, peas, and buckwlieat, and the trials were repealed, in the 
one case with no manure in the p<its, and in the other with the 
supply of a small quantity of sulphate of ammonia. The soils 
employed were made up from either ipiitcd pninice or ignit*'d 
soil, and the glass shades under which the plants were pown 
rested in the groove of a stoneware vesstd, merenry being iumhI 
as a lute. The air, previously passed through siilpliwrlc acid 
and sodium carlionate solution and washed, was forced into 
the apparatus, so as to always maintain a greater pressiirit 
inside than out, thus minimising ail danger of unwashed air 
talking in; t^ltonlo acid was also introduced as inquired. 
Under thea^ rigorous conditions the following results wero 
oteain^ 
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Table I. — Summary of the EesuUs of Expenments made at Bothamsted io 
determine whether Plants assimilate Free Nitrogen. 






Nitrogen— Gram. 

Ratio of 





















In Seed 

In Plants, 

Gain or Loss. 

recovered to 
Nitrogen 
supplied. 





and Manure 
if any. 

Pot, and 
Soil. 

With no 

combined Nitrogen supplied beyond that in the Seed sown. 


f 

r 

Wheat 

0-0080 

0*0072 

- 0-0008 

0*90 



1857 \ 

Barley 

0-0056 

0*0072 

+ 0*0016 

1*29 



\ 

Barley 

0-0056 

0*0082 

+ 0-0026 

1*46 

Gramineae . ^ 


1858 \ 

Wheat 

Barley 

0-0078 

0-0057 

0-0081 

0 - f )058 

+ 0*0003 
+ 0*0001 

1*04 

1-02 



1 

Oats . 

0-0063 

0*0056 

- 0-0007 

0-89 



1858 1 

Wheat 

0-0078 

0-0078 


1-00 


1 

Oats . 

0-0064 

0*0063 

- 0*0001 

0*98 



1857 

Beans 

0-0796 

0-0791 

- 0-0005 

0*99 

Leguminosae . 


1858 1 

Beans 

0-0750 

0-0757 

+ 0-0007 

1*01 



Peas . 

0-0188 

0-0167 

- 0*0021 

0-89 

Other Plants . 


1858 

Buckwheat 

0*0200 

0*0182 

- 0*0018 

0*91 

With combined Nitrogen supplied. 


r 

f 

Wheat 

0-0329 

0*0383 

+ 0*0054 

1-16 



1857 4 

Wheat 

0*0329 

0-0331 

+ 0*0002 

1*01 



Barley 

0-0326 

0*0328 

+ 0-0002 

1*01 



1 

Barley 

0*0268 

0-0337 

+ 0-0069 

1*25 

Gramineae . -« 


f 

Wheat 

0-0548 

0*0536 

- 0*0012 

0*98 


1858 4 

Barley 

0-0496 

0*0464 

- 0-0032 

0*94 



1 

Oats . 

0*0312 

0*0216 

- 0*0096 

0-69 



( 

Wheat 

0*0268 

0-0274 

+ 0*0006 

1*02 



1858 1 

Barley 

0-0257 

0*0242 

- 0-0015 

0-94 


1 

i 

Oats . 

0-0260 

0-0198 

- 0-0062 

0*76 



1858 1 

Peas . 

0-0227 

0-0211 

- 0*0016 

0*93 

Leguminosae . - 


Clover 

0*0712 

0-0665 

- 0-0047 

0*93 



1858 

Beans 

0-0711 

0-0655 

- 0*0056 

0*92 

Other Plants . 


1858 

Buckwheat 

0*0308 

0*0292 

- 0*0016 

0-95 


These restilts seem to exclude the possibility of any 
fixation of nitrogen by living plants, and as they had been 
obtained with plants of three different natural orders, and both 
without and with manure to induce an initial vigorous growth, 
for many years the whole trend of scientific opinion was against 
the possibility of the fixation of nitrogen by living plants. 
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Therf! roiiiniiHMl, however, a miiiilwr of lactH iliflieult to 
account for: nltlunigh laboratory experjiueiits Kiiiiihir fc» thcmi- 
just (loser iIkmI, but resultiri'j; in a jitaiu of iiitro^'en, cuiiM be din 
iuiHS(;<l ns vitiated by th(i many posnibb! .soustoh of errttr, yd 
th (5 Htatistics of t.h (5 iiitrnfi;(t!i enllectcd }>y varieaw eropn could 
not l>t^ explained in any such fasld(»n. It has already lieeii 
iiiciitioned that IlnuHsingiuilt made out a bnlaiwc Hhct*! (jf 
nitrogesn sujiplitid in manure and removed in ercip dnrini; 
diflertmt rotations ; he found that whih? in a todation of wheat 
anil fallow alone the wlient contained rallHT less nitrogen than 
waH applital as manure, yet other rntatioiiHin which ehtvcr was 
included, and particularly a live years’ contiriutniH ernppiiig 
with Incernt;, gtive a largtt Hurpitis of uitrogen nunoveil over 
that snpjil kid. Similar evidener* was accumulated at Ibdhnrit* 
Htcd and was made tmfrc cogent by flu* analysis of the soila, 
whitih showed not only no decrease but an aeliial gain at 
nitrogen (hiring the period when the legntninons crop waa 
prociucing such !arg«i (|uanttties of nitrogeiiouH ntatler above 
gronmi. Thns when tlu? various crops w(d«! grown con 
tinuously with mineral niantircs* but vvithiuit iitiy sitpply of 
combined nitregen, the following average anioiinta of nitrogen 
ptir acre were taken away 
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In a compariaon of tli« alternate wheat atnl fallow |rtolii 
with the adjaeent plota conthiiially under h'tpimiiioito planti, 

♦'i'tie tern taa>«ral manurri, wilt Ise mwd limit fiir wilsItifM «i‘ tlw 
c4>mtltB««l« found l« the lurii of ijt., |ilioii|4f«tc*, *«l(»ln»lr» bisI rhfcmdi* 

of Kodlura, potwiiiluai, (»ldttm Midi l»«t «lw*y* rsM'lwllug 

in any form. 
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the following comparative figures were obtained after both had 
been under ar similar treatment for many years. 


Table III. — Nitrogen in Crop and Soil. Leguminous Plants compared 
with Wheat and Fallow. Hoos Field. 



TJnmamired 

Mineral Manures only, 80 years. 


Wheat 

and 

Fallow 

alternately. 

Trifolium 

repens. 

Melllotus 

leucantha. 

Medicago 

sativa. 


Lb. 

Lb. 

Lb. 

Lb. 

Average Annual Removal of Nitrogen, 8 years 


33 

71 

110 

(1878-85) 

12 

Nitrogen per cent, in Surface Soil in 1885 

0-1021 

0-1269 

! 0-1151 

0-1219 

Nitrogen as Nitric Acid in Soil and Subsoil to 



1 


the depth of 9 feet, lb. per acre, 1885 

42 

101 

79 

17 


In another experiment in Little Hoos Field, after five years’ 
cropping by cereals without any nitrogenous manure, in 1872 a 
portion of the field in barley was sown with clover; in 1873 
this portion carried a clover crop which was cut three times, 
the other portion which had not been sown with clover was 
again cropped with barley. Determinations of the nitrogen 
removed in 1873 showed 151 lb. in the clover crop and 37 lb. 
per acre in the barley crop respectively. In the following 
year (1874) barley was again sown over the whole area, but the 
barley crop which followed clover took away nearly twice as 
much nitrogen as that which followed barley, although this 
had contained less than the corresponding clover. Yet an 
analysis of the soil immediately after the 1873 crop had been 
removed showed more nitrogen in the land where clover had 
been growing than where the barley had been growing, as 
shown in Table IV. (p. 10), where all the results are summarised. 

In yet another experiment, land which had previously 
grown beans and then been fallow for five years was sown 
with barley and clover in 1883, the clover being allowed to 
stand in 1884 and 1885. At starting, the soil was analysed ; 
the surface 9 inches contained on an average 2657 lb. per acre 
of nitrogen, while of nitrogen as nitric acid the soil only con- 



10 SOURCES OF THE NITROOEN OF VECSKTATl 


tainod 25‘7 11). per aero down to a dt!{)tli of 0 feet. A 
result of the three year.s’ cropping witli harh^y and clover, 
then with clover only, an average amount of ;JI0‘5 11 

Table I.V. — jVUm/m arnmndaied % fJinmr 
Liiifti Ifmm Fir! (I, 


Yrnff «f«. 


Lh, imf j 

ri> 4 A. : rioui. i 


1 H 73 ) IW!i-y, ;!7 :» a.iv.T.J 5 !- 3 i 

1K74 * . . . , , . .1 Ihirtry, ilnrlry, fill * 4 : 

j " ; , 

NUritfi;«:ii (MTi'cnt. in .Sftll nl i^ifl (if 1 S "3 . \ *c!i‘.< 5 *l j 


nitrogen was removed, yet thii .soil contained, on ainily.sii 
the end of the experiment, Ih, of nitrogen firir aero in 
top inches, ora gain of I To Ih. per acre in the three ytu 
making a toUiI, with the crop removed, of rniarly aOO !h 
nitrogen per jicro tf) l>o Jiccotmted for. 

Experiments like these, coupled with the h)ng experienct 
practical farmers * of tlm licnefieinl ejTeets of th« growth 
clover and other leguminous plants tjn the .suceectliiig cr 
in a rotation, lc<i many men to tliink tlmt there still mi 
be fixation of nitrogen by legnrninojjs plants, in spito of 
apparent exclusion of any such hypothesis by Piigli’s exp 
mente at Rotliamated. Voolckcr, in Englnnil, when iliscuss 
the power of a clover crop accumulate nitrog«*n, ex pres 
the opinion that the atmosphere fiirnishcs iiitrogiiioiis food 
that plant; in France it was maintained !)y Ville; B*Tfhi 
also brought evidence tf> show that the Sijil itsiflf, by the 
of microscopic vegetation, assimilatetl wjine free nitrogen, 

♦Vergil, Oeorgicd I,, 73:- 

Ibi flava ierri, ititilalfi ^Idrre, farra 
Uncle jiriw laettim flllt|tiit legiiiin*#i 

Ant tenali foctw tieliie, lri*tl»qtsii 
Sntttikrii f«gilfs cmlainfin, iiwiafilm/* 

^ Ofy enderit ehanged »tar, f #11 will llteti llir wfir 

earlier yoa took away the baaii, Ittiariaiit will f iff tfliif #f tfit 

the ileader teteh, aai the fn^t »t*lki «»fl willliM iwe ^ thi Ml 
InptoF 


EXPKKIMKNTS OF ilFLLHIF.OFJ. AM> ll.r Ai* i H n 

I^wos and (liUH*!! tlH'in.Hclvj'H wm* dinpHsed !<» !*» ih<' 

subsoil Jis the Hourcp of this (•x<’i's.Hiv(* aniH»uiit <4 and 

were c(jndncting ('xpcriniinifs t(» ascTrlaiin whotb.T tin- wididy 

ranging ro(4s <}f tlu! Icgtuninous plants, in virtm* of thoir higlily 
{icid Kiip, <!i<i not pctss<>s8 s(»ino special powor itf attiO'Uing tin* 
donmint nitrogfunnis ccjinpotinds in tin* sad»s<nl, vUi««n ih*' 
deairing up of tho wlndn s«bj«s^^ {'{11110 with tin* piiblh-aif ifi 

1886, of the roscaredn'S of Ilcliriogid and WiUarth. 
investigators fotind that when plants ttori* grown in san«l nii'l 
were ftsl with niitrij'iit sohitioiis, the OrnmiiM'.i', fin* f rin’if<’ni', 
the Chenopodiacea*, the lh>lygorn*a% grow nhjHist propfiiiion.i!!) 
to the annatnt tjf eonit»in<'{| nifrtigen sHppli«'«l : and, if this wi ii! 
absent, nitrogen sfiirvatioii set in as stani as th** nitrogen of the 
seed was exhatisted. With lint la'gtunitnisn'. liowi'Ver, a plant 
was observttd soinetimes Iti las-over friuii fhe slag** of nitr»»g«*Ji 
starvation and la'gin a hixtiri«>iis growth whieh lasie*} nnlil 
maturity, though no taiiiibitied nitrogen was siippUeil, In sn*’li 


when growing under natural eomlitions. rtirfln’r experiinetif 
were made in which the plants were grown in sti*ri!«* «an*l, bn 
as soon as the stage of ftitri»g«‘n hntig«?r was renelnsl, a smal 
portion of a watery extmet of ordinary enllivafe*! soil wn 
added ; whereupon the plants reeeiving the extraet reeovere* 
from their nitrogen starvaticai am! grew to inatnrity, asstmihii 
ing considerable quantities of nitrog«‘ti. The rem‘w e*l grow th an* 





12 SOIJRGKS OV THE NITIUXJEX OV VKHK'I'ATION 

paper, and on liin r<d.nrn to I'ai^dand experiments w{*re 
innncdiattdy begun at Rotluunsteci tit elieek their ref^ilts. 

A sfiriits of small pits were built up of slate slabs out of 
doors, and tRese witre filleil with t'ither soil or wnslted sand and 
then sown with various leguminous jtlants, whieh were after- 
wards inoculated or not as dcHiriul. Tin* gi-owth was cut away 
for the determinatiitn of dry matter produced, and the nitrogen 
colhtctcd ; afterwards the, roitts went wasiutd out from the soil 
or Sfind for t he examination of the <lc*velopment of tiie nodules. 

A more rigonms set of ttxpttriments were earrieil tait in 
ghu(td stonctware pots in the glasshouse, ami some of the 
results obftiined are set out in Taljle V. (p. 13). 

The talde consists of a halanc(*-.sljeet for the nitrogen only, 
in which the nitrogen supplied, either in the seed, in tin* «find 
or soil used, in the extrjmt emjjloyetl for inmmlntioii, or in a 
few cawts in the manure, is (aiiufwred with that rec-overed in the 
soil or the plant. Tht* first liorizontal line for each plant shows 
the results obtained wlum tluu’e was no imteulation and the 
plant grew with simply the stori? of nitrogen presiuit ij» the sinsl 
and wliat it conht ohUiin from the soil ; the second and third 
lines sliow the results of inoculation, hfith si*wl and soil being 
otherwise similar ; the fourth line shows the nssnlt wdien 
the sotjds wore sown in ordinary soil. 

It is needless to elaborate the i^stiks thus obtaintal ; they 
confirmed, as has repeatedly been done since, the conclusions 
of liellriegel and Wilfarth, and showed that tho leguminous 
plants possess the power of “fixing” nitmgen uniier or^linary 
conditions of field culture by tho agency of the bactciia living 
in the nodules on their rrmts. 

Tho very rigour with whicli the earlier lakiralory exjieii- 
ments, like those at Eothamstcd on |>eas and bmns in ISI57 -h, 
had been carried out, had prevented any fixation of 
by excluding all possibility of inoculation. 

The interpretation of the Increased stock of nitrogen 
obtained with leguminous crops, which, ns inslaiiceci above, 
liad hitherto been so difficult of explanation^ at once bcwiiae 
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apparent, and the long controversy as to the sources of 
nitrogen in vegetation was thus closed by a vindication of 
both schools of opinion. 

Table V. 


Plant. 

Pot No. 

Duration of 
Experiment. 

Nitrogen. 

At Beginning. 

At End. 

Gain or Loss of 
Nitrogen. 

Nitrogen of 
Infected Plants to 
Uninfected = 1. 

In Soil, 
Soil- 
Extract, 
and 
Seeds. 

Total. 

In Sand 
or 

Soil. 

In 

Pro- 

duce. 

Total. 





Annuals. 







Wka. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 


f 

1 

15 

0-0265 

0*0265 

0*0090 

0*0125 

0*0215 

0*0050 


J 

2 

15 

0-0273 

0-0273 

0-0108 

0-1475 

0*1583 

+ 0*1310 

ii-8 

Peas . s 

3 

15 

0*0270 

0-0270 

0*0162 

0-18-25 

0*1987 

+ 0-1717 

14*6 

1 

4 

15 

6*9422 

6*9422 

6-8817 

0-2075 

7*0892 

+ 0*1470 


r 

9 

15 

0*0137 

0*0137 

0-0184 

0-0065 

0*0249 

+ 0*0112 



10 

15 

0*0141 

0*0141 

0*0260 

0*1651 

0*1911 

+ 0-1770 

25*4 

Vetches . < 

11 

15 

0-0139 

0*0189 

0*0230 

0*1868 

0*2098 

+ 0*1959 

28*7 

[ 

12 

15 

7-5966 

7*5966 

7-3052 

0-2087 

7-5139 

-0-0827 


f 

17 

21 

0-0375 

0-0375 

0*0551 

0*0153 

0*0704 

+ 0*0329 


Yellow J 

18 

21 

0-0378 

0-0878 

0*0523 

0*4980 

0*5603 

+ 0*5125 

32-5 

Lupins 1 

19 

21 

0*0380 

0*0380 

0*0594 

0*4914 

0*5508 

+ 0*5128 

32*1 

^ 1 

20 

21 

6*0408 

6*0408 

6-7883 

0*2146 

7-0029 

+ 0*9621 

... 




Plants of Longer Life. 




r 

5 

77 

0*0082 

0*0082 

0-0273 

0*2094 

0*2367^' 

+ 0*2285 


Red Clover s 

6 

77 

0*0089 

0*0089 

0*0312 

0-2885 

0*3197 

+ 0*3108 


7 

77 

0*0083 

0-2381* 

0*0323 

0*2986 

0*3309t 

+ 0*()930 


1 

8 

77 

6-4274 

6-4274 

6*3198 

1-7288 

8*0486 

+ 1*0212 


( 

' 21 

68 

0*0231 

0*0231 

0*0200 

0*0030 

0*0230 

0*0001 



22 

75 

0-0247 

0*0247 

0*0514 

0*3589 

0*4103 

+ 0*3856 

119*6 

Lucerne . •< 

23 

76 

0*0236 

0-3278* 

0-0371 

0*4307 

0 *49171* 

+ 0*1039 

143*5 

i 

24 

76 

17-4983 

17*4983 

16*8141 

1-2345 

18*0486 

+ 0*5503 


. 

■ 83 

131 

0*0110 

0*0110 

0*0148 

0-0016 

0*0164 

+ 0 0054 


White 

84 

131 

0*0119 

0*0119 

0-0575 

0*7098 

0*7673 

+ 0*7654 

443*6 

85 

131 

0*0120 

0*0120 

0*0482 

0*5405 

0*5947 

+ 0*5827 

341*6 

Clover 

86 

131 



5*3423 

8-4720 

8*8149 




87 

131 

0*0081 

0*6746^ 

0*0469 

0*4430 

0 * 67541 * 

+ 0’*0008 

... 


* Including Calcium Nitrate, added as follows :--Pot 7, 0*2298 gram. ; I^ot 28, 0*8042 gram, ; and Pot S7, 
0*6666 gram, . 

t Including also the following amounts of Nitrate recovered :-rPot 7, none ; Pot 28, 0*0289 gram. ; and 
Pot 37, 0*1865 gram. j Accidentally inoculated. 

Lawes and Gilbert were perfectly correct in maintaining 
that the ordinary green plant has no power of fixing nitrogen, 
but the whole class of legumteous plants form an exception 
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wlion grown under ordinary Held conditioiiH, for then they 
become collectors of atmospheric nilrogen in virtuf; of thn 
nodule bacteria with which they are associated. 

Without doubt, irellriegel and Wiifarth’s (!iscovt;ry came as 
.somewhat of a di.safjpointmcnt to the Il(»thain.Ht(Hi investi- 
gators; although the statiHtic.s they had accumulated f»>rm t»> 
this day the best demonstration of its truth on a field .scale, 
still they had so long and so rightly upheld tlio necessity of 
combined nitrogen to the nutrition of the plant, lluit to have 
to concede the point in issue, as far oveji as the leguminous 
plants wore concerned, could not have been welcome. Indeed, 
Liebig’s idcji having thus triumphed in the one special tase, 
his most sweeping generalisation was jiistihed —that it is the 
funcUon of plants to manufiudure tins complex nif rtjgen com- 
pounds from elementary nifrogen, just as they do the carbon 
compouiid.H from the (’arbon dioxide in the atmoapherc}. These 
conij)lox nitrogen and carbon coni pounds are iiicessary to 
I animals, which derive tlieir vital heat and energy by breaking 
them down again into the simiiler materials used by the 
plant. In this eternal cycle Liebig hiul placed nitrogen 
\ alongside of carbon, and thougli the statement may bo true 
\^nly of the particular leguminous plants, it is true, in a 
^leral sense, in that those plants (or mther the iiaateria 
wKh which they are associated) are probably the original 
sources of the world’s stock of combined nitregen. 

liieniRKsrK* 

“Agricultural Chemistry, e»jieci«lly in rcktlwi t« the Mineral llienry «f 
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431. H. Mem., Vol. t. (4to), No. I. 

“On the Sources of the Nitrogen of Vegetation.” Jmr, ('turn, 10 
(lSfl3), lOO, H. Mem., Vol. Ill,, Ko. 1. 

“Sketeli of the Progress of Agrieultural Chemlstiyf.” Ilej». Ilrtt. Amn. for 
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“ On the Present Position of the QuesAlon of the Souwes of Nitrogen of Vege- 
tation.” PhU. Tran$„ im, B 1. tt. Mem., Vni. I, (Ito), K». 1 

“Results of Experiments at RMhamsted on the Question of the FixMUon 
of Free Nitw^n.” Agrkittopai Maafeato' fi««#le, New Seriea, i, 
I8«0-SL it Mm., Vol VII., No. 1. 


CHAPTEE II 


METEOROLOGICAL OBSERVATIONS 

The rainfall has been measured at Eothamsted since February 
1853 in a 5-inch funnel gauge and in a rectangular gauge 
(7 feet 312 inches by 6 feet), having an area of one-thousandth 
acre. 

In addition to these gauges, an 8-inch Board of Trade 
gauge has been employed since January 1881. 

The ground on which the gauges are situated is 420 feet 
above the sea-level ; it adjoins the Barn Field (continuous 
root crops), and is at a slightly lower level than the Broadbalk 
and Hoos fields. 

The amount of water percolating through bare soil has 
been measured since 1870 by means of three drain-gauges, 
each having an area of one-thousandth acre. These were 
constructed by undermining the soil at the desired depths — 20, 
40, and 60 inches respectively — and inserting perforated iron 
plates to support the soil. When this was completed, trenches 
were cut round the blocks of soil, and these were then 
isolated by means of brick and cement walls. The external 
soil was then returned. The percolating water falls on to 
zinc funnels, from which it passes to the measuring cylinders. 

Barometric and temperature records have been kept since 
1873, and since July 1891 daily observations of the bright 
sunshine have been made by means of a Campbell-Stokes 
recorder. 

The average yearly rainfall as measured at Eothamsted 
during the last fifty-one years, 1863-1903, is 28-21 inches. 
This is higher than the avera^ in Hertfordshire (26-33). 
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As regards years of exc(;ptional rainfall, either low or high, 
the records show five years in which the rainfall was less than 
21 inches the lowest was IH'oG in iHGi and three years in 
which it was more than 2a inches the higlieSt recorded lieing 
2H‘Gt) inches in HK)2. More prolonged [teriods of we! occnmal 
in 1875 and 1H7G, and in inyOaial IHho, when Gh'24 and 70 0 
inches fell in two consticutive years, d’he nine-year period, 
1875 to 1882 inchisivc, was an oxa*ptionally w«*t one, each 
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mean tomporatulc, and duratinn nf aiuialiinii Irnin iin.nlli !■. 
inontli. 

The greatest average rainfall (sec Tahlo M.) is in < 

3-16 inches, followed hy 2-r.7 in Noveniher, while in lh*eend.er 
and January the amounts decline t(» ’I 'M ami imdms 

respectively. From Fcliruary to Augmst inelu.Hive there is a 
gradual rise from TTH to 21)7 inclus-s hut it deeline.H to 
inches in Septembei-. 
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The average number of rainy flays (with O OI itmh or int)re) 
does not vary very wuic!i ; the greatest is, like the rainfall, 
in October, and th(‘, lowest in Jane. The total iiundwr «»f 
rainy days in an avtsrage year amonntH to less tlian 7)0 jmr cent . 

The maxiinunt anujiitit of sunshine oeeiirs in July (217 “» 
hours, or 44 per cent). There is a slight ilecrease in Ajsgji?.! 
followed hy a very rapid decrease tint it Novmnher, Tim 
minimum {43-2 hours, or IH per cent.) is reached in Deecntber, 
after whicli there is a conliimons tnercast* until tho tufixitnum in 
July. As regards percentages of possible sunshine, f ft»‘ bight ).! 

it 
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(45 per cent.) occurs in August, which is closely followed by 
July, September, and April, with 44, 43, and 42 per cent, 
respectively, and May and June with 41 per cent. Of the 
remaining months, March and October (32 per cent.) have the 
highest, and January and December the lowest percentages 
(19 and 18) of possible sunshine. In the whole year we have 
an average amount of 1586 hours, or not much more than a 
third of the actual sunshine above the level of the clouds. 


The Amounts of Nitrogm as Ammonia, and Nitrates, Chlorine, 
and Sulphuric Acid, in the Rain-water at Rothamsted. 

At the time of the commencement of the Rothamsted 
Experiments very little was known as to the amounts of com- 
bined nitrogen and other substances present in rain-water. 

The presence of ammonia, both in the atmosphere and in 
rain-water, was well known, but, owing to the imperfections of 
the methods of analysis then available, somewhat exaggerated 
ideas prevailed as to the amount. Liebig considered that the 
atmosphere was able to furnish the average crop with sufficient 
ammonia for its development, hence followed his celebrated 
“ mineral ” theory that to add to the soil the ash constituents 
of a crop would be a sufficient manuring. As this opinion of 
Liebig’s was strongly contested by the Rothamsted investi- 
gators it was necessary to make accurate measures of the 
combined nitrogen brought by the rain. 

The earliest analyses of Rothamsted rain were made in 
1863-4, and were restricted to determinations of the nitrogen 
present as ammonia. These were followed in 1855-6 by 
determinations of ammonia and nitric nitrogen made by 
Professor Way. No further analyses were made until 1877, 
when monthly determinations of ammonia were recommenced. 
These were continued with some interruptions until December 
1886, and again resumed in December 1887 and February 
1888, since which time ammonia has been regularly determined 
each month. Nitric acid has been determined uninterruptedly 
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since September 188G (for the first ftnv luoiitlis by 

method, and subsc(|uently by Williams' zim* ('op|H*r omiplw 

method). 

In addition to the analyses of monthly saiaplos of rain, n 
large number of single .samples have betm nnaly.s<*fl al 
Kothamsted, as well as about eighty samplifs by t he lab! Sir 
E. Frankland.‘*‘‘ 
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It will be convenient, for the puriMJse of Hiimman'siiig tin* 
results relating to nitrogen, to confine attention to tim fifteen 
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as jKU'tH por iiiillinii ai»l as lit. jut arrc, < Hhi-f riiluriins sIjcih’ 
the ri'lativt* pntpurtions ofthi' twit roiiiliHiaf imi'* <if Kitrif^iai. 

EcfcrciU'c to the talih* will sliuw that llif av»'ra> 4 f ajiHtUMf 
of nitrojijf!!! in Iho two funiis is Ih. p’T a' !’*' |♦'’r aaistufj. 
and that must uf the nitru^en is in ih*; form »tf ainmujiia, 
tlu5 nitric; nitro^'cn rcpntseiilinj; utily f hrci- ipjit li> uf ih’’ wheth* 
Th<! mojitlily variatiun.s shuw liftli* regnlarity * i!h<'r ici thu 
total nitrocffn or in the rolaliun ctf aiiitnunia fu niirafi-s. li i,, 
however, of interest to note that in tie* piriud Ajuil to 
Hcjptciinher, dnrini.; which the ruijjfall is l'*S‘* titan half lh«* total 
for thu year, tins rain eontains more* nitro;'* !! ilian jjj th*- six 
months Oetether to Mareh, junl that tie* anionnf of nitrie 
nitroj^m is nearly the sann* in hoth perioils. tlie I'sress in tin* 
vvariner jterit.cls Ueirji' mainly due to amnionia, 

VVlien we eompare the yearly aniotmis of nifro|*i*n 
in tluj rain, the variatictns are not fonnd to In* «»reaf. and 
scorn to have little if any relation to the rainfsill, riie liighesi 
result eorrcJspond.H with tin; highest rainfall (} st jh. in 
1903); hiit the! niininnim ri*.stilt (3 30 Ih.) was ohtained 
in 1800, when the rainfall ntiiotinled to ‘il'7^ inches. With 
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falls and rises in the intermediate months with 
’able regularity, the only break occurring in the 
rain, which contains more chlorine than the rain 
Q IF ebruary. The total chlorine is equivalent to 25 '3 lb 
ion salt per acre per annum. Of this amount, 17 '0 lb. 
;bnted by the rain falling from October to March, and 


T^ble VIII . — Comparison of Maximum and Minimum 
Frecipitation of Rain and Chlorine. 



Rainfall. 

Chlorine. 


Inches. 

Lb. per acre. 

IVIaximtim Rainfall (1903) 

38-69 

19*99 

IVIinimum Rainfall (1898) 

20-49 

16-33 

IVlaximiim Chlorine (1903) 

38-69 

19-99 

IVEmimuni Chlorine (1890) 

24-78 

10-21 


(8*3 lb.) by the spring and summer rains (April to 
This difference is all the more striking as 
all of the two six-monthly periods is almost the same, 
yearly amounts of chlorine per acre vary considerably, 
variations depend more on the distribution of the 
laring the year than on the total fall 
ecent determinations of sulphuric acid in rain-water 


XIX . — Sulphuric Acid and Chlorine in Rain-water collected at 
Bothamsted. 


181 -r. 

Rainfall. 

Per million. 

Per acre. 

SO, 
to 1 01 . 

CL 

SO 3 . 

Cl. 

SO 3 . 

imloGY . 
areln 

Inches. 

13*90 

16-05 

1- 31 

2- 89 

2-77 

2 '39 

Lb. 

4-11 

10*51 

Lb. 

8-71 

8-70 

2-12 

0-83 

olo year 

29-95 

2-16 

2-57 

14-62 

17*41 

1-19 


n made at Rothamsted, but a summary of the results . 
in. 1881-7 is given here to complete the record. 
en.ce to the Table (IX.) will show that the rain 
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contains on the avcragi; ‘i-o7 {ht inillion of sulphuric- ac-ic! 
(as BO;,), iuid that fhe (otal annual aniouut per acre- is 
17-41 11). The ino.st noteworthy re.Hult i.s tlicc elose agreement 
botvvcMai the amount.s furnished hy the .sumim-r and winter 
rain, especially in view of the great variation.H in tiie- chlorine*. 

In (conclusion, it may he |)ointed out that the rain tailing 
at. Rothamsted eontrihufi-s to tlie. .soil enougli chlorine and 
sulphuric acid to mc'ct tine reiiuirements of mo.st crops. 


Prirporthtn of Rtiiiifil! pori’iiinff/ip ihrouijh ihiri' Stiif. 

Alongside the large rain gauge, three jjereolatiou or drain 
gaugfis wcu'C constructed in 1H70, Rortions of t he undisturhed 
soil, each onc-thomsaiidlh of an aerc! in area, were isolated 
from the sumamding soil hy digging trenches and huilding 
hrick and cement walls rouml the hiocks of .soil thus exposisl. 
Thu hlucks were tlieii nndermimal, and eventualiy r-arriol 
upon Icara an<l plat(‘.H of iron perforated to r-nahh* flte perrolaf 
ing water to find its way into the. eolleeting funnel la’iicath. 
Thus in the end three hlottks of undi.stnrhi-d .soil were 
obtained, eacch one-fliou.siindllt acre in area, 20, 40, and 00 
inches in thickness respectively, entirely i.solaleil from the 
surrounding soil, and the rain-xvaler pt*rcolnf ing through each 
block is collcctiHi separately and measured like the minfall. 

Table X, shows the average results obtained during fhe 
thirty-four yours 1H71-Ih04. 

It will he seen that the* three (liflerent t luek nes.ses rT soil 
yield practically the same, resuh.s, it being difiicult toaecminf for 
the small hut cou.stant ditlerences xvhich oceur. f ht the average, 
about half the nnntial rainfall percolates through flat gauge.s, 
and about ontohalf is evaporated. It shouM he borne in mind, 
howuvfsr, that the surface of fhe soil in the.se gauges is k**j4 
free from vegetation of all kiinls, so that there, is no drying 
effftet duo to the crop. Again, as coiniimnicatimi lieJweeit 
the subsoil and the soil of thtt gauges is cut ofl* all capillary 
movomontg of water, both downward.*! during rain »Mid }»ack 
^ a^in during ixsrhwls of ilrowglif, are stopped at a ceitaln point, 


PHOPOirnoN OF ILUNFAfJ. 

thus affecting l)oth percolation an«l cvaptuviiion l.y mikntnvn 
amounts. 


TaiU.K .X . — lltiinftiU (Hill llniiiifiif nf 
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mciitjil fii'liU belonging to tlio Iawr« Agrictit 
entiroly on tli© tnixeil clei)«»ft of obiv-wiili 
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the clay, an<l also the Hints, hoing l.luckene.l l.y luanKaaese 
oxide. Maasc.s of this .stiff clay-witli-Hiiits fonn the suI'MiiI in 
places; elsewhere light, sands or rt?d loamy sands Hith oi 
without black flint |)obbieH, or masses (»f pebbles ahim% form 
the immediate sub.soil ; again, grt'y or mott led elay or loam 
with occasional pebbles or fret; from .stone.s, or with a gravel!) 
pocket here ami there, extends for son^(^ distuiHs*, iimiHslijitely 
Tieneath the soil. The.se ae(’umnlations oeeur in iriegulm 
juxtaposition owing to the pipcsl siirfuee, <d the ehnlk, ami in 
places there is a kind of marl formed on the slojje.s Iiy the 
weathered riihhly <‘halk mi.xed with earth." 

“Covering th<*.s(‘ .sultsoils there is a soil of grey flinty or 
pehldy loam, 10 inehe.s or more in thieknes.s, and varying in 
(diarac! er ara'ording to the immher of stones in it; tn .some 
cases rough and unw(»rn fliuts prevail, elsewhere there is rm 
admixture oi’ pebbles; and over .some atasis the .soil e«iusi,sfs ol 
loam with eompnratively few stones. In all eases, ex<;epting 
ou the chalk s1ojm!s and in the valley hottom, the soil is to he 
regarded as a heavy mixed soil, for the suh.siul is in thi- main 
a heavy clay ; and were it not for the fact that the chalk here 
aud there approaches vv.ry near to tlm surfaee of tln^ higher 
grounds, the land would he much wetter afi«*r raiti than is the 
case. These nndergnmml pinnacles of cdialk, and the pm-kets 
of sand and gravel, act as duminvidl.s h<r the surface 
drainage.” 

Notwithstanding flu! irregulnrity of tin; snbs«»il, tluf 
agricultural character «d’ the soil is fairly uniform all ov«‘r the 
estate; some fields work rather more heavily than ot tiers, and 
the projiortion of stone.s lying on the surface varies .somewhat, 
hut these diflt!reiu;e.s arc coni{Mtrativcly unimportatit. The soil 
passes into tlio subsoil witliout any sharp line of distinction, 
and the distribution of flint.s in tho stilxHoil i.h very iiTegiihir, 
while tlie solid chalk is reached at dc|)thH varying b»'iwei?u « 
and 12 feet. 

The following Table (Xf.) sliows the mean results obfaiin il 
for the weight per cailac fVait niid tlie weight per acre of sltaies 
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and lino cartli for suctu^.ssivc Iuvit.s 0 inclo'.s fliiok, dcnvii to a 
d(‘{)th of 2 foi't, ctii each (tf ihi* chief (•xpcn'inoiital ficliin : 
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e^Misists «®ntially of a heavy loam contatotog little co«w© iand 
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or grit, Imt a coiisi(lenil»lc aincnint of f’uio sand niul nfid a 
largo body of clay. Tn conBoqu(Uicc, tlic. sctil hnn to bo work'-d 
with care, hccoiuing veiy sticky ntal drying bi iinjimiliojibb* 
clo<ls if moved when wet. It “nm.H tog(hhor" if hoavy rain 
falls after a tilth ha.s been cstablislnBl, nrul thon drioH with u 
hard, unkindly .surface, these; diflicult ie'.s being much esaggomtor! 
on the plots which 1 lave Itcfui farmed for a long time willmm 
any supply of organic matter in tin; manur«‘.s. 

The chemical analy.sis of the Lothaiusled soils ilitfer.s vi-ry 
much from plot to plot aecfu’ding to I he loiig-eontinned iiiami 
rial treatment whiidi has been given to each plot. Cut every 
thing points to the fnitt that the soil wa.s of an ordinary type 
when the exp(;rinn;nts b((gan, <;ertaiidy no richer in dormant 
plant food than the majority e)f fairly heavy’ s«)il.s in this inmnlry. 

The following table give.s the re.snlts of ana!yse.s (made by 
Dr B. Dyer as regjird.s the mineral const itneiitH) of samples 
drawn from tins Broadbalk wheat .soil.H in Inpit ; 
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The most notable feature in the liothiimsteil .st*il is the 
amount of calcium carbonato in tlio surface layer ; analyses of 
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tlu! earliest sainpli’s nvailable show more than a p(!r 

cent, in the surface soil of Broadhalk held. This aimumt i.s 
always ])eino reduced by the action of the rain wasliino it away 
as ealeiuni bicarbonate; it is still more rapidly reduced by the 
action of many of the n!anurc.s applied, particularly by the 
anuuoniuin salts, so that at the prcs«;nt time there i.s only about 
2 per (;ent. j>resent on any of the plots. In othf;r field.s le.SH is 
to he fouml, practically nom; at all in the soil id’ .some parts of 
.Vgdell and of the Park. The suh.stal !»elow the dej>th of h 
inches also contains litth* or no calcium carbonate, awl this 
fact t{»geth(u- with th<i varying propiirlion in the .Mirface soil 
indicate that the original .H«»il was almost ♦levoid id’ cnlciniii 
carbonate, and that flat t|uanlity still found in the Hiiiface soil 
has all heen appliitd arlilieially. We read, indeed, that the 
chief form of manuring known to licit fordsliire farmers in 
the cightemith century eon.sisted in digging pits through the 
clay H(dl until the chalk was reached, cxtrai’ting clialk and 
s|)reading it over the land, and all td' the Ilothamsfed Reids 
show a depression or “ileH ’ from whicli the chalk had thus 
been foruua'ly obtained, Arthur Ymmg, the elder, in Ids 
Gmt$ml Vitm n/ ffn; Af/nniff lire qf drawn up for the 

eousiileratiou of the Board of Agriculture, and published in 
1B04, writes of “the provaituig pratdico of sinklug pits for the 
purpose of elialking the surrounding land,” and mentions the 
application of 00 IoimIh of chalk every ten years as cusloinary. 
The chalk now present in the uruhle soil is visildo in small 
grains varying in size froni that of a pen downwards, iidditioiml 
evidence of its extraneous origin. But tlic aiuoiints so added 
to the soil are enormous : if we assume that the wastage in 
the past had been at all comparalde to that going on during 
the last hulf century on the titiinatuired plot, then BrmuJbaik 
lield must have begun the nineteenth centuiy with somcthftig 
like 100 tons of chalk per acre in its surface soil. 

The proportion of orgtuitc matter, carbon and nitropn, 
present in the various soils is very variable and entirely 
dependent on the oliaractir^. of the ntanuriiig Mid cuMv^lon. 
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As will bo seen later, cumtimious fr<»j»|HUg wifhoiif mnimi-.' 
soon rcnluces such materials in f !io soil to a low « 
which they do not fall apjjreciably in Huec-eedinj' years ; t he eroj* 
pi’oduction bccoincH very nearly stationary and is aenatjpani*''! 
l)y a very small reduction in the ori^dnal stoc-k of cnrbfui jukI 
nitrogen, even if there are not eompimsaf ing int!m-iie«-H ni 
work maintaining the store at a eoristanl hnv level, Similarly, 
when very large amotmts of organic mailer an- added every 
year, as when plots are continuously dunge*!, alter a time there 
is but little increast! in tin; proporiioirs (»f earbun and iiif rogrii 
present in the soil, beeau.se the liaeferial agejaies wbieh 
generate carbon and nitntgen compounds of a gaseims nature 
are so stimulat(*d by tla; abundant food sup{»ty as to keep 
pace with the annual ad<iitioiis. 

Of the other important constituents tif plant food the sfiii 
carries an abundant stmdi of potasli ; a ermipleti* mineral 
analysis, in which iht; Broadbalk seal was enm|»lefely laoken 
up by hydrolluork; mad, yielded as imicli as 2'!2d per l ent. uj 
potash, quite four times the amoiint tlint. e.ut be cxtraeteil la 
long digestion with hydroeldorif; iici*!. Though tliis va«t stock 
of potash is in the main dormant, it sltm ly bceomes available 
for crops through the weathering ageiieies which are brought 
into play by cultivation. 

In phosphoric acid the soil is by no incaus so rich; tin 
unmanured plots contain now rather hrsn than U ! per rent . 
the higliost limit rtsiclaal on some of the very lu'nvily manurt'd 
plots being about 0‘25 p(*r cent, ; iimhu* orditmry farming 
conditions, however, the soil show.s mi particular fieed .,1 
phosphoric acid, as do many (day soils. 

Magnesia is fairly alnmdant in the Hothami.fe«} sojb ; j(, 
the subsoil, indeed, it is present in ahnost the same iiroporiion 
as the lime, it is only in the artificially tdialkial surface soil 
that the ratio of lime to inagne.sia is a high one. 

Soda is present in small quantities, jjuirtly eombiried witl, 
chlorine as common salt derived from rain,'an«l p.-utly in tie- 
double silicates of the clay. 
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In gf‘ni‘nil, it may 1 m* waiii that thf* i({»th,'unsti*fi Hoil 
pr(':BontH mt ntrikiug pncuIiariticH, either ehejiiiral ur jihysienl. 
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tbo AdVfUiriuitoiit of Sririiro Moirilrriil, li. Mrm.^ 

Vol. V., No. lih 
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7him% UrntL Sm\, 47 (iHHfi), :InO. R Mrm„ Vnl. VF, No. I, 

Iho FrrHOlit Po^iitioii of tfir C^iO'-4|o|| of tlir Honrri’% of tlir Mfrogrii ot 

Vrg«4:.iitJofi, otr., oto/* /Vii/. Vitolw., ISO* II I- 

\^r»L L (4to), N«>. 2. 

On iiir AnnIvIFvil Orlrniiiiaiition of IVrtli;il»ly Atmlnldr Fliitil 

lofiirl In Soil^,** l»y If Oy^r# IFS*'. fimth J|fi, 

** of liiVrHll^jdioim oit llir llotFttiw4ril Noll**, rlo„, rlr /* fiy ||, 

Dyrr^ l),Nr, Slilloflli No. M'l4, Clllo’o of FU|«'rliilrlil Nfiilio||%, VS. 

of A|i:ririjlfurr, 

A diiTnirtal Stiifly of tlfo Aoid iiiit| fVit.-i’ifi C imf of tlir 

Whrirt SolF* of ilroadbtilk FlrF!, llo||iiiiii%fril/* liy IF Flyrr, FFNr. 

PhiL 7 rum., Iti, If 2^ 

'Fill* Dptf'-riiiiiotliiui.^ of Av^olrtlilr Fliiiiit lAmil in Noiln liy tlir ii%r mT'iili. 
Arid Nolvriif^,"' by A» IF Hull, riorl F d, Flyiiirii* Tamf. f'/iri#. Sum-., 

8i(l»2). 117. 

**'rhr t iri'ilrigirid Nnr^ry in litdrrrnrr to A||'HriiIliirr ; witit llr}$iirl r»ri llir 
Solk iwitl Suh%m\h of tbr ll*4biiiii«lril FNliitr,” by lioriirr IVsJKiciw^rfl, 
FM'I.N* Htitninury of Frogrr^^ of llir Clrologiml Nnrt^ry f**r FIH'il, 
Ajipiidii L(lllfl-F), Md. 

*^11*0 Merlwriiml A%m\y%%% of Nidlst mnl llir C*«iii|M»iiilioil «f tbr Friirlloiifi 
rriiilliiig tlirrrfroin/* by A* IF FliilF Trn^n, Vkrm., Ai#r,, S5(l!MII).| 
firdi. 
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KXrKIilMHNTS rP()N Will': AT 
I. ^rhd (’ontinuous (ifn»wl}j <»f Wht’al, Broiidhalk 

A, MainUtnuiKT of tin* WJirnt nrfiwifig f»ii llir 

saiuc* IninL 

n. Hffet’t of Nitro|4oiiou% MatnirrH. 

(\ FJfrc't oftho Miorral (’onMiluoitl^o 

I). IMvnihm of Maiiiin-. hy tlio Soil 

E, Clinra<*trr of thr C*rf>p m allorlfal l*y Mainiritig iiiitl Hvimm, 
n. Wheat aftor Failo%% aiitl in Hotntioti. 

Ill Trials (»f \hirieitoH of Wheat. 

’Pnu‘tieal ( Vmelfe.iojriS ami llefemiees, 

I. — ThK (joNTlN'l'OCH (tlloWTH OF WfIKAT, Buo\t»HAI,K 1*11 l.!». 
Thk exporimenta on tho eonyniious growtli of whont wori! 
begun in the Broadlialk fiobl in 1H4;I, but for t he fir.Ht 
years the manuring was of a varle«l tUsseripf ioii, hi » tiiHt. tmly 
three of the plots have roceivetl the same tiH'atinefit rjuring the 
whole period of sixty years, Tiie plots as seen to <lay began in 
1862, since whieli time the ft:w f:hanges in matiuring have befui 
matters of detail and not of principle ; thus tlie resnltH repre- 
sent a continuous trial of Avheat grown witl* the fMinio inaniireH 
upon the same land year after year for more than half a 
century. 

The Broadbalk field has an area of abmit If acres, and 
slopes somewhat to the east ; tlie plots are eaesh lialf an in re in 
area, and consist of strips .1.61 yards long hy ahmit 7 yards 
wide, running down the slope for the whole length of the fiiilil, 
and separated by paths which are not croppisL l*reviotis to 
1843 the land had been cropptjd on a five-coiirse sysfciri : 

manure was last applied to the turnips in fHigi and two whil- 
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straw crops were taken innnciiiatcly prior to the firsi experi- 
mental crop of wli('ut sown in thi^ aiifumn of I s };s, so fliaf the 
land was in low eoadilion from an agrieulturai point of view at 
the beoiniiiu^ of the trials. 'I'liis is also shown hy the fact that 
the first (ixperimental crop in ls{ f anionnied to only lo bushels 
j[)er aen^ on tla- nmuamir(*(i plot, althouj^h the wheat er«i|i wn.s 
generally iniieh ahov(; the averagt^ in that year. 

Tiuj .soil of the BroadhalU field eimsi.sts of a stiff’ greyi.sh 
loam containing an ahuiKlanee of flint.s ; the .sjih.soil is of a 
similar eharaeter, rather stilfer and rediler in eolonr “ tlm clay- 
with-flints " of the geologist. 'I’he chalk lies heiow at a variahle 
depth, rarely less than H c*r Id feet, ilms providing gf»od 
natural ilrninagi*. In addition, eaeli plot has a tih* ilraiii 
running down t lnf eenfre of t he plot at a ilejith of 2 to Mih fi*et, 
the nmnth.s of all liui drains Iteing led into a itriek iieneh, where 
the water draining frotn ea«-h jdot can he .s«'paralely eoHected 
for analysis. 

The field cannot he ile.sc'riheil as more than fair average 
wheat land, nor do the analyse.s .show any speeial reserve of 
fertility iMiyond that natural to mwl«'rately strong land which 
has been under arable eultivaliuii for a very long lime. 

The usual priudiec is to seufHe the land immediatrdy afita* 
harvest and remove the w'oed.s; iho laud is then phiiighnd a or 
d inches deep; the mineral and other autumn sttwri manures 
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hoeings, some weeds, like the “ Black Bent ” grass, Alopecurus 
agrestis, are kept under with the greatest difficulty. 

The general scheme of the experiments in the Broadbalk 
field has been to test the manurial requirements of wheat by 
growing it continuously with various combinations of manures 
repeated year after year on the same plots. At the outset 
of the experiments it should be remembered that little was 
then known as to the manurial requirements of any crop. 
Liebig had just stirred the agricultural world by the general 
statement that if a plant were supplied with the mineral 
constituents left as ash when the plant is burnt, it will require 
no further assistance in the shape of manure, but will draw its 
carbon and nitrogen from the atmosphere. The first experi- 
ments were designed to verify the truth of this statement, and 
were extended to test the effect of each of the constituents 
found in the plant. The effect of mineral manures alone is 
compared with that of nitrogenous manure in various forms, or 
of a combination of the two. The constituents of the mineral 
manure — phosphoric acid, potash, soda, and magnesia — are 
variously combined with nitrogenous manures, so as to ascertain 
the part each of them plays in the nutrition of the crop. Thus 
Plots 6, 7, 8, 9, 15, 16, 17, and 18 receive varying amounts and 
combinations of nitrogen, together with the same mineral 
manure containing all the elements present in the ash of the 
wheat plant. Again, all the Plots 10, 11, 12, 13, and 14 receive 
the same amount of nitrogen, but differ in the arrangement of 
the accompanying mineral manure. Some of the plots also 
test the question of the season at which the manures are 
applied, and whether any of the residues are carried forward to 
another year. The long duration of the experiment serves to 
eliminate many of the soimces of error in field experiments, 
such as initial variations in the condition of the soil of various 
plots due to previous manuring, irregular attacks of insect and 
other , pests, and variations due to seasons which may favour 
some manures and not others. Also by gradually exhausting 

the soil of particular constituents, the continuity brings to light 

c 


34 


EXrKItIMENTS I'Po.N WHK.A'F 


the function of any eleiiHint of maniiriai phuii ft.nn\ in a wity 
that is not possible in the first few years of .•m esporirueii!. 
because of the large riisorves of all plant fouii.H «'oniaiin*{l in 
ordinary soil. 

Table XIV. .shuw.s tlu; natur<! am! fjmintifieH nf the inaiiure.H 
applied each year to the pIot.s. 'riic riiintTal manures |by 
minerals is undenstood at Ilothani.Hted the plif^Mphork’ aeid. 
potash, magnesia, soda, and other constitue»t,s Iid't iis ash when 
the plant is burnt, hut not any iiianure eontuiidijg nitrugiuif 
are sown before the seed in the auttinin, the ra|»tJ r-akeand tin- 
farmyard manure, and a portion of the amiiotiiiiiin salts are 
also supplied in the autumn hnfore seeding, hot I li t* nitrate of 
soda and the greater pjirt of the amnioniuiii.wiltfi are put on 
as top-dressings in the spring. 
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phosphate contains 37 per cent, phosphate made soluble^ or 66 lb. of soluble 
phosphoric acid. 

On Plots 9, 15, 16, and 19 certain changes in the manuring have been 
made during the progress of the experiments, which are set out in detail in 
the Memoranda for 1901. 

Table XV. shows the average production of grain and 
straw for the whole period of fifty-one years, for the last ten 
years, and for the single year 1902. 


Table XV. — JUxperiments on Wheat, Broadbalk Field. Frodnce of Chain 
and Straw per acre. Average over 51 years (1852-1902); and over 10 
years (1893-1902); also Produce in 1902. 


Plot. 

Abbreviated Description 
of Manuring. 

Dressed Grain. 

Straw. 

Average, 51 years 
(1852-1902). 

Average last 10 years 
(1893-1902). 

Season 1902. 

Average, 51 years 
(1852-1902). 

Average last 10 years 
(1893-1902). 

Season 1902. 



Bush. 

Bush. 

Bush. 

Cwt. 

Cwt. 

Cwt. 

2 

Farmyard Manure 

35-7 

40*0 

41*5 

34*1 

40*4 

46*9 

3 

Unmanured 

13-1 

12-7 

13*3 

10*5 

9*3 

9*4 

5 

Minerals . 

14*9 

15*4 

15*5 

12*2 

11*8 

11*4 

6 

Single Ammonium-salts and Minerals . 

24-0 

23*5 

26*2 

21*5 

20*2 

20*8 

7 

Double do. do. ... 

32-9 

32*4 

38*2 

33*0 

32*2 

40*0 

8 

Treble do. do. ... 

37-1 

39*2 

45*2 

40*9 

43*0 

48-1 

9 

Single Nitrate and Minerals 


27-3 

83*1 


25*5 

28*6 

10 

Double Ammonium-salts alone .... 

20-7 

19*6 

23-7 

18-7 

16-7 

16*9 

11 

Do. and Superphosphate . 

24-0 

20*2 

23-0 

22-7 

19*2 

19*8 

12 

Do. do, and Sulph. Soda 

30*0 

27-6 

33*4 

28*3 

26*2 

32*2 

13 

Do. do. and Sulph. Potash . 

31-6 

80*6 

39*3 

31*3 

29*8 

37-6 

14 

Do. do. and Sulph. Mag. 

30-1 

25*9 

32*4 

28*8 

24-0 

27-3 

15 

Double Amm.-salts in autumn, and Minerads 

30-6 

28*2 

39*6 

29*8 

27*5 

87-2 

16 

Double Nitrate and Minerals .... 


32-6 

33*5 


83*3 

36*4 

17 

\ Minerals alone, or Double Ammonium-salts (* 

15-3 

15*9 

20*2 

13*1 

12*8 

16*8 

18 

J alone, in alternate years . . . .\t 

30*4 

80*0 

36*9 

29*5 

29*0 

40*1 

19 

Rape Cake alone 


28*0 

34*1 


26*7 

34*8 


* Produce ty Minerals. f Produce by Ammonium-salts. 


The grain is expressed in measured bushels per acre, the 
weight of the bushel depending on the plot and season. The 
straw, which includes chaff, etc., is given in cwt. per acre. 

Table XVI. shows the average production of certain of the 
plots for the five successive ten-year periods from 1862 to 1901. 
Although ten-year periods are not long enough to entirely 
remove the effect g£ season, yet the table enables one to judge 
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whether the fertility of the plots has increased or diminishec 
under the treatment they receive. 


Table XVI . — Eaperiwnts on Wheat, Broadhalk Field. Average Froduci 
of Grain and Straw per acre the first 8 years (18i4:-1851), and over th< 
successive Vi-year periods (1852-1901) inclusive. 


Plot. 

Abbreviated Description 
of Manures. 



Averages over 



8 years 
(1844-1851). 

10 years 
(1852-1801). 

10 years 
(1862-1871). 

10 years 
(1872-1881). 

S S 

CS 02 

o p 

rH 

® 1 

* 

Wc*« 


Dressed Grain. 









Bush. 

Bush. 

Bush. 

Bush 

Bush 

Bush 

Bimh 

2 

Farmyard Manure 

28-0 

34*2 

37*5 

28*7 

38*2 

39*2 

35*6 

3 

Unmanured 

17-2 

15*9 

14*5 

10*4 

12*6 

12*3 

13*1 

5 

Minerals 


18*4 

15*5 

12*1 

13*8 

14*8 

11*9 

6 

Single Ammonium-salts and Minerals 


27-2 

25-7 

19*1 

24*5 

23*1 

23*9 

7 

Double do. do. 


34-7 

35-9 

26*9 

35*0 

BI-8 

32*9 

8 

Treble do. do. 


36*1 

40*5 

31*2 

38*4 

38*5 

36*9 

10 

Double Ammonium-salts alone . 

25T 

23*2 

25-1 

17*3 

19*4 

18*4 

20-7 

11 

Do. and Superphosphate 


28*4 

27-9 

21*7 

22*7 

19*5 

24*0 

12 

Do. do. and Sulph. Soda 


33*4 

34*3 

25*1 

30*1 

26*7 

29*9 

li 

Do. do. and Sulph. Potash . 


32*9 

34*8 

26*8 

32*5 

29*6 

31-3 

14 

Do. do. and Sulph. Mag. . 


33-5 

34 4 

26*4 

31*1 

25*0 

30-1 


Straw. 










Cwt. 

Owt. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

fJwt. 

2 

Farmyard Manure 

26*6 

33*9 

34*0 

28*0 

34*8 

38*7 

33*9 

3 

Unmanured 

15*5 

15*2 

11*6 

8*5 

8*6 

9*1 

10*6 

5 

Minerals 


17*1 

12*8 

9*7 

9*9 

11*5 

12*2 

6 

Single Ammonium-salts and Minerals . 


26*3 

22*8 

17*7 

20*5 

20*0 

21*5 

7 

Double do. do. 


36*4 

34*3 

28*7 

34*1 

31*1 

32*9 

8 

Treble do. do. 


40*5 

43*2 

36*6 

42*5 

41*7 

40*9 

10 

Double Ammonium-salts alone . 

23-7 

24*5 

21*9 

15*2 

15*8 

16*2 

18*7 

11 

Do. and Superphosphate 


28*2 

24*5 

21*3 

20*8 

18*8 

22*7 

12 

Do. do. and Sulph. Soda . 


34*2 

30*5 

25*0 

27*3 

24*0 

28*2 

13 

Do. do. and Sulph. Potash . 


34*4 

33*4 

27*6 

81*9 

28*6 

31-2 

14 

Do. do. and Sulph. Mag, . 


35*0 

30*7 

26*3 

28*6 

23*4 

28*8 


A. Maintenance of the yield under Continuous Wheat 
growing on the same land. 

The curves in Fig. 2 show the fluctuations in the yield oi 
total produce for the first eight-year and five ten-year period* 
from the b^inning of the expernnent on certain of the plot* 
— Plot 3, which is unmanared ; Plot 2, which receives form 
yard manure every year; Plots 6 and 7, which receive t 
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complete artificial manure containing varying quantities of 
nitrogen ; and Plot 10, which receives nitrogen only. 

Considering the unmanured plot first, it will be seen that 
while there is evidence of a small decline in production for the 
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Fig. 2. —Broadbalk Wheat. Total Produce. 


first eighteen years, yet the crop has been practically constant 
during the last forty years. The fluctuations during this period 
are in the main due to season, and correspond very closely with 
those of the completely manured Plots 6 and 7. For example, 
there was a considerable drop during the decade 1872-81, a 
period of notoriously bad seasons ; then followed a considerable 
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recovery in the next decade which has been maintained for 
the last ten years. But all the evidence seems to point to 
the fact that this plot, which has been without manure of 
any description since 1839, has reached a stationary con- 
dition, and that the average crop of twelve and a half bushels 
for the last forty years will in future diminish very slowly, if at 
all. It has been already pointed out that the Eothamsted soil 
is by no means exceptionally rich, how then can this continued 
production of crop without manure be accounted for ? It is 
estimated that the average crop on this plot has removed about 
17 lb. of nitrogen, 9 lb. of phosphoric acid, and 14 lb. of 
potash per acre per annum. In the drainage water there is 
also a further loss of nitrogen, which has been estimated at 10 
lb. per acre per annum ; some nitrogen is also removed in 
weeds. Per contra, the rain brings about 5 lb. of nitrogen each 
year, and the seed supplies perhaps 2 lb., thus leaving a nett 
annual loss of nitrogen of at least 20 lb. per acre. The 
analy ses of the soil taken in 1865, 1881, and 1893, show that 
there is a steady diminution in the amount of combined 
nitrogen present in the soil ; but since in 1893 the proportion 
present was 0‘099, or rather more than 2500 lb. per acre in the 
top 9 inches of soil, there is still an enormous reserve un- 
touched. There may also be hitherto unrecognised gains of 
nitrogen from the atmosphere. For example, the Black 
Medick is a common weed on this plot, and like other legu- 
minous plants fixes some nitrogen from the atmosphere, part 
of which will be left behind in the soil when the roots deca}'. 
Soil bacteria are also known which are capable of fixing 
nitrogen independently of the higher plants ; but until the 
analyses of the soil have been repeated after another long 
interval it is not possible to say whether such recuperative 
agencies have any practical effect, or whether the crop is still 
being grown out of the original resources of the soil. As regards 
potash and phosphoric acid there can be no external sources 
of recovery, but the reserves are very great, amounting in 1893 
to about 3000 lb. of phosphoric acid and as much as 50,000 
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lb. of potash per acre in the top 9 inches of soil, though of 
course the greater part of the latter would only become avail- 
able for the plant very slowly. 

On Plot 2 there has been a yearly dressing of 14 tons of 
farmyard manure, and though the composition of the dung is 
so far variable that it is impossible to say exactly what 
•quantity of plant food has been supplied, the annual applica- 
tion is estimated to contain about 200 lb. of nitrogen, 78 lb. of 
phosphoric acid, and 235 lb. of potash ; whereas the average 
crop has only removed about 53 lb. of nitrogen, 27 lb. of 
phosphoric acid, and 52 lb. of potash per acre. There should 
be an accumulation of fertility on this plot, and an examination 
of the curve shows that after a rapid rise during the first eight 
years of the experiments, when the land was recovering from 
a state of comparative exhaustion, the yield of grain has been 
slowly increasing, despite the depression during the decade 
1872-81. The increase is particularly manifest during the last 
ten years, on the whole a period of dry seasons, when the 
moisture retained by the accumulation of humus from the dung 
also had its effect. The increased fertility of this plot would 
doubtless have been more manifest were it not for the tendency 
cf the crop to be laid in the heavier yielding seasons. The 
analyses show that enormous reserves of plant food have been 
accumulated in the soil of this plot, the amount of nitrogen in 
the surface soil being more than double that of the unmanured 
plot, the phosphoric acid being also almost doubled, and the 
potash showing a very considerable increase. While some of 
these reserves are in a readily available form, there is evidence 
from the other experiments at Rothamsted that even in fifty 
years it would be impossible to crop them entirely out, if a 
course of growing corn without further manuring were now 
entered on. 

Regarding now Plots 6 and 7, receiving artificial manures 
which supply nitrogen, potash, and phosphoric acid, but no 
organic matter to form humus, we see that Plot 7 has 
throughout yielded a crop very little inferior to that grown 
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on the (lunged plot, and shows no evidence of a decline in 
fertility. The manure on this plot supplies 86 lb. of nitrogen 
per acre, whereas the average crop has taken away not more 
than 50 lb. The phosphoric acid and potash supplied are also 
in excess of the requirements of the crop. On Plot 6 only 
43 lb. of nitrogen per acre are supplied, little more than the 
amormt removed in the crop. If we consider the other sources 
of loss of nitrogen to the soil, such as the removal of weeds, 
drainage, etc., it becomes clear that the 43 lb. of nitrogen 
in the manure are not sufficient to repair the annual with- 
drawals of nitrogen. Consequently we should expect some 
diminution of fertility on this plot, and analyses of the soil 
seem to show that it is slowly losing nitrogen. The curve 
expressing the crop on Plot 6 is very similar to that of the 
unmanured plot, indicating a considerable fall in fertility 
during the first ten years, and a comparatively constant 
position for the last forty years. Thus this plot like the 
unmanured plot seems to have reached a position of com- 
parative stability, when the annual withdrawal of nitrogen 
by crop and drainage, etc., is almost balanced by the 
additions from all sources, so that the fertility of the land 
is declining very slowly, if at all. Though no material to form 
humus has been supplied to Plots 6 and 7, and analysis shows 
that the soil is gradually being deprived of its original stock, 
yet the wheat crop so far seems to be unaffected by the loss 
of this important constituent of the soil. 

Plot 10 has received an annual dressing of nitrogen "only, in 
the shape of 400 lb. of ammonium-salts since the earliest date 
of the experiments. It will be evident from the curve showing 
the crop production that, despite this long-continued use of a 
manure supplying but one element of plant nutrition, ^he crop 
has been wonderfully maintained. Whereas the average pro- 
duction over the whole period is increased by the supply of 
minerals to the extent of 1'8 bushels, the nitrogen alone has 
produced an average increase of 7‘6 bushels, the unmanured 
plot being taken as the standard in either case. The curve. 
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however, shows that the production on this Plot 10 is 
declining, notwithstanding the great reserves of mineral plant 
food Avith which the soil started. At the present time also 
the crop on this plot presents a very unhealthy appearance, 
is very slow to mature, and is extremely liable to rust. 

We thus see tliat it is possible to grow a cereal crop like 
wheat year after year on the same land for at least sixty years 
without any decline in the productiveness of the soil, provided 
an appropriate manure be supplied to replace the nitrogen, 
phosphoric acid, and potash removed by the crops. There is 
no evidence in fact that the wheat gives a smaller yield when 
following a long succession of previous wheat crops than when 
grown in rotation, although the vigour of the plant does not 
appear to be so great. The real difficulty, however, in con- 
tinuous corn-growing is to keep the land clean ; certain weeds 
are favoured by the wheat and tend to accumulate, so that the 
land can only be maintained clean by an excessive expenditure 
in repeated hand-hoeing. Notwithstanding all the labour that 
is put on the plots, the “Black Bent” grass, Alopemrus agrestis, 
has from time to time become so troublesome that special 
measures have had to be taken to eradicate it and to restore 
the plots to a reasonable degree of cleanliness. 

How little the wheat plant is able to survive when in 
competition with weeds, may be seen from a portion of the 
llroadbalk field where the wheat crop in 1882 was allowed to 
stand and shed its seed, the soil not being cultivated in any 
way. In the following season a fair wheat plant came up and 
gave about half a crop, but after it seeded the weeds increased 
their hold upon the ground until in the fourth season only two 
or three stunted wheat plants could be found, which have never 
reappeared since. The fundamental importance of cultivation 
and the suppression of weeds is further to be seen in the 
returns from the continuously unmanured plot. This piece of 
land at the beginning of the experiments was not only in poor 
agiicultural condition but had been under arable cultivation for 
at least two or three centuries, and was therefore far removed 
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from the condition of virgin soil with its accnmulation of 
fertility, and yet hy cultivation aloiu* it has hcen aide to jzrow 
for sixty yesars a crop avera^ino 13 hnshels to tl»c acre. This 
is almost the av(*ra^<! crop produc(*d in the I'nitf’d States, and 
is very similar to the ffcmcral average production of the great 
w'hiiat-growiug anm of tin; world. Nor is there, as far a,s 
can bes judgeil from the records of the In.st forty year.s, any 
reason to (txpcct that this cr(»jj eaiinot be maintained in the 
futures, provided that tins cultivation and eleaning «*f the land 
bes eoiitinmsd. 


B. of Nltnujvmm.* M*iHurr». 

It will be rcsmemlsereil that «>ije of the mnin objects in 
starting the Uothamstefl I*lx peri men t.s was to ast’enliiin the 
valms of nitnjgenons manure's, and test tins triitli (»f Iac*big’.s 
opinions that tlie crop could ohtjiiii a .stilliciency of nitrogen 
from tins atmosphere prfjvided the ash const itinmts were 
supplierl. Plots a, 0, 7, ami K all rwseiv© the Mine dressings 
of mineral mannres, /.e., jiliospliorie acid, potash, magnesia, 
am! sorla, in greater quantitic'S than are removed in the crops. 
Plot & receives no nitrogen, Plots <1, 7, ami H receive int^reas- 
ing quantities of ammonium -salts, supplying 43 11 >. of nitrogen 
per acre on I’lot 0, double that ciuantity on Plot 7, ami 


the whole period since 1852. 

Plot 5, which receives the minerals hut no nitrogen 
very little more than the contiritiouslv unmanured n 





nitrogen, rising from 21.1 cwt. to ti:! and 41 owt. hh the nitrog.m 
is doubled and treblwl It is thus s(;en that, the wheat eroj. «h 
very specially dependent upon t!»e supply of nifrogiai in flu* 
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uiaimrt*. With nitmt'C'ii nloiH* (r.//., jiimm»Jiiuui salts uioiut ui» 
Plot 10, (if soda alone on j«U’t of Plot 0, and ru|«> eakn 

alone on Plot P4). ev(*n over a long ptfriod of years, the eiH*p 
is considca'ahle, and inneh siqierior to that grown by minerals 
without nitrogen. P>eing a dee[) rooted jdant and jM)sse.s.sing a 
eoinparatively long jieriod of growth, wheat is well able t(> 
search the soil for mineral plant food; henei* when grown 
inider ordinary farm conditiotiH in rotation, it is rarely ne«a*H.sary 
to supply it with any but nitrogenous nianure.s. As it is also 
grown during the cooler .season of tln^ year and with very little 
cult ivat ion of tin; grouml, the natural nitrifying prt«'e«.se.s are 
.slow, hence the spee.ial need ft a* an external .supply itf nilrttgen 
in the .sfiape of nininire. 

Plots and 1<) reetdvt’ niiratt* of sutia and mineral inntinres, 
HO that Plot h has the same luannring as Ph>t 0, am! Plot lb 
as Plot 7, except that the amnmninin snits on IMots and 7 
are repltietid by etpiivulent aintMuits t*f nitrate of stala, 'fhe 
mannring of Phtts If ami HI has lutwever been changed 
during tin* progre.ss of the e x peri men! .s, so that they are only 
eomj«i.riiblt* with fl aiul 7 sinw; IHHo. Taking the averiigi*s t»f 
the last ten yetirs, as set out in the diagram log, 4, it will he 
Htam that nitrate of soda is a more (‘fTcetivo sottree of iiitrcigcm 
tlmti the lunnioniiim-salts ; the single npplicfttion yields HI fmr 
e«mt, inortj grain and 20 per cent, more straw than the eorru- 
sponding nmoimt of aminonimtnsalts : the double application, 
however, yields pracf teally the saim? amount of grain and only 
about 1 cwt. more straw. This superiority »»f nitrate of soda 
for wheat is no ilottht jairtly due to the fact that it reniaiiiH 
Hohthle, thus fliffusing tleep into the soil ami tmetairaging a 
greater range of roots, whereas the ammoiiium-salts are; 
retained near Hit? surface. The injurious eflcets of t'oiifinitoiis 
appHcafituis of aimuoniiint-Mlta, which are due t«» the removal 
of the carbonate of limo from the soil and its resultant acidity, 
now HO strikingly shown on the c<jrrespondiiig |auinanent 
wheat and lawley plots on the Uoyal Agricultufal Bociety's 
farm at Wohiirn, are not apparont at IlotiiaitiMtefi, whert? the 
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«oil started with a good supply of cluilk. AuulyHOH Jiimhi lit 
1904, show that the soil of IMot 7 still coritains more ihnti 
per cent, of carbonate of lime. 
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It should be noticed that the increaHe of crop for o.wdi 
applw^tion of nitrogen is not pri^portiorml to t he ext ra idtrogi.n 
supplied, but that each Huccessive addition gives « «m«jh r 
return in the crop. Thus l»lot ii with 411 Ih. of nitrog,*,, gjvr.,, 
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{>•1 Vtushfls laon: than Plot "> with no nitroj^eH. another 4T !h. 
of nit rogen on Plot 7 prtxhtee a further inereaw! of H'tt hnshelH, 
whcreaH the next iuhiition of 4:} lb. of nitrogen only produces 
an increase of 4"2 bushels. 

During tin* first IT years of the experiinenf one of the plots 
received a still further addition of nitrogen, making 172 lb. in 
all. The Table (XVII.) shows the yield of grain and straw of 
the [ilots receiving successive increments of nitrogen ihiring 
this period. It will be .seen that the last I'd Ih. of nitrogen hail 
practically no idfcct upon the ainonnt of grain prodtiewl and 
bnt little ttpon tlie .straw. 
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LAW OF DIMINISHING- RETURNS 4r 

The diagram Fig. 5 shows a comparison between the- 
turns from these plots, (1) with corn, at 24s. a quarter and 
at 20s. a ton, and (2) when corn is 32s. and straw 

30s. 

The straight line indicates the cost of production taking an 
Tbitrary base of 80s. per acre for the cultivation, and adding: 


Yield. Returns & Cost. 

Bushels or Cwt. Shl-liings. 



Fig. 5. — Relation between Cost of Production and Returns with varying 
quantities of Manure, 


3s. for each 200 lb. of ammonium-salts. It will be seen that 
ith the lower prices the crop ceases to be p«)fit£^ble before the 
lird addition of manure is made ; the Second addition is the 
tost profitable, the extra 30s. for manure has produced an 
Lcreased returm of 36s. in the crop. At the higher scale 
? prices the crop remains profitable throughout, though the 
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thmi addition of luamiro only returns !4 k. for an expenditure 
of 308., and the fourth application only produees an increase of 
crop worth 88. 


ij. of ifh* Miiit’i'itl ('tiHutitio ntn. 

The HtU’ie.H of IMoIh 7, 10, 11, 1-, 13, and 14 all reeeiv«* 
the same amount of nitrogen 80 lit., in hirni of 400 11» 
of ammonium -.salt 8 per acre— l«it differ in reptnl ft» their 
mineral manuring. IM«)t 10 receivi‘s nothing Iieyoinl the 
nitrogen. Plot 11 huH Huperphosphate also, wliih* 12. 13. 
and 14 receive a further a«hiition »»r sulphate of stida, 
«ul{»hato of potash, or sulphate of magnesia re.speetively, all 
three of wlucdt an? t'omhiiied t«» form a complete mitjeral 
manun? on Plot 7. It should he remcmhered that Hiahi, 
magnesia, ami jmtash are always found in the ash of plants, 
ami at tlie time tl»e experiments were stnrteil little xvas known 
ahout the part they playctl in the mitrifittn of the plant. And 
although we kiunv to-day that for praetieiil purposes potash 
alone of thts thrt?(3 nt?c?d he. stijiplied in a inantire, we an? still 
uncerttiin what is the function of the otli«?r two, xvhicli kdng 
present in every plant t?an hardly l«i ■without somi? aciioii. 
Fig. 6 shows tlie crops upon these, plots in siictccssive ten* 
yearly iMiriofls. It will ho seen that Plot II, receiving supr- 
phosphatt?, has always given a heltcr crop ihiin Plot 10, without 
it. This sufwriority was more markcil in the early yr‘ar« of 
the experiment, when the resorves of potash, etc., were 
ahundant in the soil, and when in consequence the nitrogen 
and phospht»ri(! acid together had pmctfcally the effect of a 
complete manure, l^itterly, as the potash has bcwiwo ex- 
hausted hy the continual wipping, the yield with nitwipn and 
phosphoric acid has been hut little atipericMr to that prodinMl 
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potash. The results in later years show, however, that neither 
magnesia nor soda can replace potash, their good effect in the 
first few years being due to the fact that the addition of any 

Bushels 


i0Baii 


Fig. 6. — Production of Wheat with varying Mineral Manures. All Plots receive equally 
86 lb. N. as Atmnonium-salts. Averages over 10-year periods (1852-1901). 


soluble salts to the soil brings into action some of the dormant 
potash. At first this is sufficient to grow as large a crop as 
where a potash manurfi is directly supplied, but in course of 
time the available potash becomes exhausted, and there is a 
manifest decline on the plots receiving magnesia or soda only. 
Plot 7, which differs only from Plot 13 in receiving magnesia 
and soda in addition to the potash,^ -phosphoric acid, and nitro- 
gen apphed to 13, gives throughout a somewhat higher crop. 
This is npt due to any specific effect of magnesia and soda, 
because Plot 13 does not show any progressive decline as com- 
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pared with Plot 7, althotifih it.s soil umstUoltcc-omin^' Rxliaiistod 
of these coiiHtituontH by thtdr constatif. reiiKAal in tlie crops. 
Doubtless the dlbc^t of the sul|»ljafcs of innonc.sja iuid soda on 
Plot 7 is duo to their action as .soluble salts, iiiaiiitainiiio in 
a more solulde condition the <*ther niannrial constituents 
ii(;(u,‘.s.sary to the crop. 


I). Ihii'titlon tit' M'Dixn.* D/ tfn Sin'f. 

It has already been stated that, ns a rnle, HM) lb. of the 
aniinoniuin-salts are applied in the antnnin when the seed is 
sown, the re.st bein^ reserve*! fur a fi»p-dressin^ in the 
.spring. On one of the plots, how(»ver, Plot !”», the wind** 
400 ib. of atminmiiim-saltH is appli***! in the antinnn, 
cjtherwise the niiwuriitg is id**n!ieal with that of ITot 7. 
The crop, h<nv*;v**r, on Pl*»t to is on tin* jtventge below that 
of Plot 7, showing th;*t soin*! loss takes place when tin* 
amnionitun salts are appli«'*l li*‘fore th*; jdjint is able to iitilis** 
tltetn. Althougb the. aiunniniune sails sire so!nl»!e in water 
they are eanght by I In* soil ainl hehl very near tt» the surface, 
HO that the. !*)ss *l*>es not arise by tie* wa,sbing tail t»f tint 
anintoniunnsiUtB tbem.solves. They are, howi'ver, raphily tarn 
verted into nitrates when tli*» hitnl is warm an*! moist, 
especially tifter it has born recently stim**l by the antimin 
cultivations. The nitratiw thus pr*>*lu*'fs*! itre itr*t retaimal by 
tho soil, and wash out very rea*lily if heavy rain falls during 
the early winter. This is seen in tho analyses of tho drainage 
water collected beneath ITot 15. It is giitierally veiy rich in 
nitrates in tho autumn as compared with Plot 7 ; wlioroa# in the 
spring, when the amtnontum>salts at^ applied, a rorrcspondliig 
loss does not happen with Plot 7, boftauso the crop tlion 
occupies the !an<l anil is able to take up the nitmtes as fait as 
they jwr© forme*!. 

The diagram Fig. 7 shows the estiinatt*! loss *»f nitrattss ^ 
Ib. ]^r acre ilh fcltese two plots during the summer and winter 
raspi^vely, between tho spring sowing of inanuret fo 1879 ajod 
the ewrespondingdate in 188!. 


NITHATKS LOST IN i)l{AI.NA<M': f*! 

Plots 17 and 18 further illuKtrate the fate of amrooiiiiim 
salts. These plots receive the dressing of Plot 7 ' 100 lit. 
ammonium-salts and complete minerals Imt tin; iumiioiiiinu 


mm. mm/m 






Fiti. 7.— Loss of Nitrogen »# Nitrates in tlic I>r»!««gr Watrr. Ih. jw r «< 

Comparison of Plot 7 niarmrc4 with Atn«ioaMiia-w*ll.^ in tlir »* 

Plot 15 III the aiitaniii. 

salts and the minei-ala are applied in alteriifitc yearn to tin- 
plots. Ihus in 1903 l*lot 17 received anttiioiii tint -Hit Its Itn 
minerals, and Plot 18 tlio minomis without tint aiiitnoii 
salts, and the treatment was reversed in H»02 nnd agai 
1904, It will be seen front Table XV. , or from the difi| 
Fig. 8, that the plot which in any year is receiving tntn 
without nitrogen derives little or no benefit frotri tlte nnun 
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it hiul the year hetVin*. The erop .shows every .sj-j;!! of nitrogen 
.starvation, and ainomits on tin* average to only lo’.'l Im.shels 
of gi'ain, as compared with 14if hnshels «ni i*h»t "> which has 
received minerals without any nitrogen every year .sincif iHrci. 
On the Itothani.Hted soil, then, we may eonehnie that the efleet 
of sulpliate of atiimonia applied to a eereal ero|) is confined to 
the si^asmi of it.s applieation. In the .season.s wlien the 
animoniiim*.sa!t.s are ai>plied the erop is hut little .short of that 
on Plot 7, when* minerals are msed ev«'ry year with the same 
amount of ainmonium-.salts, tlm.s showing that the prcviou.s 
mineral manuring is earrie«l ha-ward and has an effect in 
Heason.s lieyond the year «>f it.s a|)pUeatirai. 

Much of onr kmnvleflge of the proeess of nilririeatioii, by 
which not «ady amtnonium .salts hut other eompoimdi of 
nitrogen, sueh us are eon! allied in thing, are ctaiviattsl liitti 
nitrati'.s, was worked out in the Pot}miu.Hted Lahornton* hy Mr 
Warington, From tlie eontinued analy.ses that have been niatle 
of the water fltjwiiig from the drains beneath the Broiitlbiilk 
wheat plots, we leant that mil tally may reatlily nitrifying 
manures suffer great losses through idiraies forming anti heing 
washed out when a crop dties not ticeiipy the gnaintl, l»ut that 
the same i-ausos U?atl to cuntimious hiss of nitrogen fmm all 
enltivated land. This loss is at it.s highest when heavy rain 
falls after the land has heen broken up after harvest ; then the 
t'ondititais tieeur wliich arts most favotiralile to nitrification, 
/.e., warmth, nioistnre, aeration, ami stirring of the soil. Thus 
analy.HCHof tlio soil sliow that, despite the fact that nniefi largei* 
amounts of nitrogen an* applied to Plots 7 to JH than are W'- 
moveil ill the crop, the soil is not getting any rudier in uitrogon ; 
and even on l*lots g and Ih, where orgniiie eotnpounds of 
nitrogim are tiawl, the aceuniulatlon of nitrogen is for lesn than 
the difterenco hetwceii the nitrogen applied and that retiiovetl 
would imlieate. 

Table XVI 1 1. giv(?8 an estinmte of the nitrogen |M;r aert? 
supplied in tlie manure and recovered in the crop over a fifty- 
year period, 1844-1S03, together with the nitrt^ao contained 
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in the soil at the close of that period for the iniinnmii'fil Plot 
3, and Plot 2 receiving farmyard manure. TIk^ top 0 inehcH of 
soil only are considered, because the analyses do not iiidieato 
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that any appreciable amount of organic; matter has foiiml its 
way into the subsoil. 

It wiU be seen that of about H),(KK) Ib. of nit rogen supplied 
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as dung during the whole period, only about 2600 lb. have 
been recovered in the crop, or about 26 per cent., and that 
although the nitrogen present in the soil at the end of the 


Table XVIII. 


Plot. 

Manuring. 

Nitrogen in Soil, 

9 inches deep, 

1893. 

Approximate 
Supply 
of Nitrogen 
in 

Manure 
in 50 Years. 

Approximate 

Removal 

of 

Nitrogen 

Surplus of 
Nitrogen 
over Plot 8, 
unaccounted 
for in 

Crop or yoil. 


Per cent. 

Pounds 
per acre. 

in Crops, 

50 years 
(1844-1893). 

3 

[ 

Unmaniired 

0*0992 

2,570 

Lb. 

Lb. 

850 

Lb. 

2 

Farmyard Manure . 

0-2207 

5,150 

io',ooo 

2,600 

5,670 


period has been doubled, the excess over the manured plot is 
only 2680 lb. per acre ; so that there is still 6670 lb. which 
has been supplied in the manure, but is unaccounted for either 
in the crop removed or in the accumulation in the soil. Some 
of this has no doubt been washed away as niti'ate into the 
drains and the subsoil water, some has been removed in the 
weeds, but much must have been lost by the conversion, 
through bacterial action, of nitrogenous compounds in the 
manure into free nitrogen gas. 

Phosphoric acid and potash, however, behave very differ- 
ently from nitrogen ; but little of these substances are ever found 
in the drainage waters, and Dr Dyer’s analyses show that the 
greater part of the excess of phosphoric acid supplied over that 
removed in the crop is still to be found in the top 9 inches of 
soil, where it remains in a condition readily available for the 
plant. The potash is not quite so completely retained as the 
phosphoric acid, and descends further below the surface. There 
is still, however, no practical loss to be feared when potash is 
applied to the land before there is any crop immediately able 
to utilise it. 

E. Charobcter of the Crop as affected by Manuring omd Season. 

Table XIX. gives certain particulars regarding the quality of 
crops grown during the last fourteen years, covering the years 
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in which Mr E. Hewlins of St Ives has made valuations of the 
grain from each of the plots. These valuations and figures 
respecting quality are to a certain extent disturbed by factors 

Table XIX. — Wheat, Broadbalk Field. Averages over 14 years 

(1889-1902). 


Plot. 

Abbreviated Description 
of Manures. 

Weight per Bushel 
of Dressed Grain. 

Grain to 100 Straw. 

Valuation of the Grain 
(Standard each year 
as 100). 

Offal Grain to 100 
of Dressed, 

Number of Grains 
in 100 grams, t 

Weight 

of 100 Grains.! 

2 

Farmyard Manure 

Lb. 

61-3 

56-7 

102*3 

3*8 

2536 

Gms. 

3*94 

4 

Unmanured 

60-7 

77-2 

100*3 

4*3 

2708 

3*69 

5 

Minerals 

60*8 

74*4 

100*5 

4*7 

2586 

3*86 

6 

Minerals and Single Ammonium-salts . 

61 T 

66*3 

101-4 

4*0 

2520 

3-97 

7 

Do. and Double do. 

61T 

67*2 

101*1 

3*7 

2578 

3*88 

8 

Do. and Treble do. 

60*8 

51 -5 

100*8 

4*2 

2636 • 

3-79 

9a* 

Minerals and Single Nitrate .... 

60*8 

69*5 

100*9 

3*5 

2612 

3*83 

16 

Double Nitrate and Minerals .... 

60*5 

63*1 

100*8 

4*4 

2772 

3*61 

10 

Double Ammonium-salts only 

59*6 

66*6 

98-7 

6*1 

2966 

3*37 

11 

Do. and Superphos. 

58*6 

69*5 

97-1 

7*4 

3238 

3*09 

12 

Do. do. and Sulph. Soda . 

69*9 

61*9 

99*2 

4*8 

2926 

3*42 

13 

Do. do. and Sulph. Potash . 

61*0 

67*3 

101*0 

3*6 

2592 

3*86 

14 

Do. do. and Sulph. Mag. . 

69*9 

60*2 

100*1 

4*6 

2978 

3*36 


* 9a and h, 1894 and since. t Average for 7 years (1893, '94, '96, '97, '98, 1900, and 1902). 


arising only at second-hand out of the manuring. For 
example, Plots 8 and 2 are very liable to be lodged and 
to show a much higher proportion of sprouted corn in 
a wet harvest like that of 1902. These effects may easily 
overpower the differences directly due to the manuring and 
visible in normal seasons. The farmyard manure plot, No. 2, 
has given on the average the best grain, showing the highest 
weight per bushel and the highest price in the valuation, 
but there are several years in which the corn from this 
plot occupied a very low place in the series. Plot 10, again, 
receiving ammonium-salts only, shows almost the lowest 
weight per bushel and the lowest price. In some years, 
however, the highest valuation has been put on the corn from 
this plot. It is important to notice that the continuously 
unmanured plot, with its small yield, yet produces grains of 
com which are almost up to the average in size, weight per 
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biiHliel, and valiui from a commercial point of view. The plant, 
when sterved, <IiminiKhe.s the nimilicr hnt not the quality of the. 
s( 5 cd ; oven tlu^ pnqiortion of “tail” corn in noi above the 
average on this plot. The ijrtjportion of corn to .straw i.s the 
highest on this plot, as though starvatitm resulteti in C(»n- 
(•ontrnting the liighe.st poR.sil»lc? proportion of material on the 
reproductive parts of the plant. 

d'ho plot receiving minerals only difler.s very litth* from the 
uninanured plot, last with each .sm’ce.Hsive afldilicm of nitrogen 
on Plots (5, 7, and h, the wtnght per hu.shel, the .size of tin; 
grain, ami the? value somewhat dimini.sh ; at the .same time the 
proportion of straw to corn is much im;rc;nsefi. The effect of a 
given tpiantity of nitrogen in the diret-tions thus imlieatial .seems 
t<j he intensified when it is applietl as nitrate itmtead of 
ammonia. 

Turning to the, I’lots 7, Id, II, 12, 13, and 14, which receive 
the saimi amount of nifrtjgen Imt vary in tlseir mineral manures, 
w(! g(!t the highest w(dght per hmslnd, t!«e largest grains, and 
t he greatest value on I’lots 7 and Id, when?pfjtash is supplied ; 
on these plots also the proportion of straw is at a maximum, 
facts which depend npon the function of potash in tlus hiruintloii 
of cmrhohyalrates— starch in the grain, ami wtMHly-flhre in the 
straw. The soda and magnesia applied to Plots 12 and 14 
have rendered some of the potash of the soil availalde, and the 
<|nality of the grain is better than on Plc»ts Id and 11. Plot 1 1, 
receiving nitrogen and phosphoric acid, pnahices distinctly 
worse grain than Plot 10, show ing hy far the smallest grains, 
the lowest weight per laishel and value, and the highest 
proportion of “ tail " c«>m ; again tlemonstmting how the 
continued use of phosphoric acid and ammonia has depleted 
the potash in the soil of this plot. The plot receiving farm- 
yard manure gives corn of about the same size and weight 
per bushel and also the same propcjrtion of com to straw, as 
Plot 7, which receives a medium amount of ammonium-saltii. 

Turning now t«i the Influence of season on the wheal crop, 
Table XX. shows the yield of both grain and st»w, the 
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: weight per hushel, and the proportion of grain to Htrnw, in 

i a tyjHcal wet. year, and in iwtht, an exeeptionally dry one. ; 

I tin* corresponding averages for fin* whole fifty-one year.s being 

I put alongside for cianparison. Table XXI. .slnnvs the 

e monthly raiid’all for the same period.s, <inring th«' harve.st-year 

|! from 1st September to the tbllowing August :ilsf. 

j" i TaULK XXL - -‘-Jifnjiffili Ih4htmi4i'd ihm- 
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It will bo soon that for tho crtjp of Ih 71> there was a total 
rainfall of 41 inehos, of w'hieh 23’8 inehes fell in the last aix 
months, as against SIJ inches out of a total of 24’1 inches for 
tlie corrosponcling periods of t he harvest -year of 
While the amount of grain prodncisl is not st» very tliflcreiit in 
tlie two years, the wet year grew' a far bigger crop of straw*, 
so that the grain weighed little more than one-thirtl of the 
straw*, whereas in the di 7 year gmin and straw' w'elghed about 
the wtme. The weight per bushel of the gmin is very much 
higher in the diy than in the w'et year, avemgliig <l!*2 lb. 
against M’O lb. In the dry years the manures have com- 
jsiratively little effect, the crops on all the plots being brought 
nearer to a uniform level ; in the wet year, on the contrary, the 
difference'^itse to nmnuring are very much actcentuated. The 
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plot receiving farmyard manure occupies about its usual position 
tlie wet year ; but wbereas it usually gives about the same 
l)r‘o portion of grain to straw as the medium nitrogen plots, in 
1 8 y 9 it was rather better than they were in this respect. In the 
di'y year this plot gives by far the heaviest yield of grain, almost 
Up to its usual average ; the straw also is much less reduced 
til an on the plots receiving artificial manures, due no doubt to 
tlie water-retaining powers of the dung. It is interesting to find 
til at Plot 9, receiving nitrate and minerals, gave the best crop 
both of grain and straw in the very wet year 1879, whereas in 
the dry year, 1893, the crop on this plot fell below the crop of 
Plot 6, which received the same amount of nitrogen as 
aiiamonium-salts, though on the average of years the nitrate 
answers better. This is contrary to the generally received 
ojiinion that nitrate of soda is the more effective in dry, and 
fiinmonium-salts in wet seasons. 

The very low crops on Plots and 10, which receive 
iiitr*ogen only, show that in a wet season the plant has very 
little power of obtaining minerals from the reserves in the soil ; 
irid the great jump in crop produced by adding superphosphate 
io the ammonia on Plot 11 shows that the phosphoric acid is 
then more difficult to obtain. In a wet season when the 
fiictturity of the plant is retarded, the ripening effect of 
pliosphoric acid will be exceptionally beneficial. In the dry 
season the lowest returns come from Plots 10 and 11 (with- 
oixt potash), and the potash on Plots 7 and 13 has an 
exceptionally marked effect, showing that under conditions 
of drought the plant specially responds to an abundance of 
potash in the manure. Probably the explanation is that a 
free supply of potash prolongs the grov^th of the plant, and 
that in the absence of potash the ripening action of the 
plxosphoric acid comes into play prematurely and stops 
development at a very early date, since it is acting in the 
same direction as the heat and dryness of the season. 

The indication of the 1879 and 1903 returns, that the 
superiority of nitrate of soda over ammonium-salts is more 
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luiirkefl in a wet than in a dry seu.sun, i.s fonlinned by a 
further exaniinatinn of the reeunln ov<-r a Hcrit-.s of years. 
Taking the last thirty yearn and dividing them into two gr(ni|).s 
aceording a.n the rainfall in above or below the average, and 
then (’omparing the yields (tf the two plots, whieh reeeiva* equal 
amount B of nitrogen, btit (iiKt as nitrate of soda and the* other 
as aininoniunj-.sjilts, we find that in the dry .seasons the yield 
from aimnoniuni-salts is HO-IJ per rent, of the yield from 
nitrate of soda. In the group of wet s«*a.son.s. however, the 
yield from ammonium-Halls i.s only Th-w per I’enl. of that given 
by iiitrap! of soda, ns shown in Ta!»le XX 11, Thus the wet 
.seasons aris on the whole more favourable to nitrate of stala 
than to ammonium-.Halts. Presnmably in flie very wet and 
{■old Bensons the eondiliftns are unfavourabli* tii the nitrilica- 
tiim of the amiimniiim-Hults, and the imiiiediateiy available 
nitrate of h«h!h is more {dfeotive. 
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One of the most critical perimls in determining the yield of 
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EFFECT OF WINTEIi RAINFALL 


HI 


development of roots wliich thus resultn, the plant 
never able to recover, so that a wet winter is almost invariably 
followed by a poor wheat crop at harvest. This fact is ilhi.H 
trated by Table XXIIL, in which a coinparisoii is Muuh- 
between the average wheat crop on three of tlie {dots ((}, 7. 
and 8) following the ten wettest aiul the ten <Irio.Ht winter^ 
respectively during the period lHr)2-10d:i, as nuaisured by tlir 
rainfall in the four month.s November to February iiudusive. 

Table ptf rintni af 10 

.10 Drirsf IVinti'rH 


IM III 

Wljjfrti-a, Winl«’.r3 


Rainfall, N7n’f*nib<T to Fc'hniiiry Ini'luHivr , Im-liri ? 

Avemge Crop per iut<n PLitn lU 7, mul h . Bu^hrln j 


CcanpaHsnn of Wintirrh witii iriorf or fhiiti llir livrriiiiff* 

(IH70 I io imut), 

{ Ui ] If 4 

I Pi-rc‘oIiitioii (m4ndi giinifi?}. Xov, tn Frit. . lm4trH ^ fori ^ rr* 

j Average Cmp |M*r arrt?. Phtn u, th nwl 7 , . Bnuhrln I 2*1*^ • 7 /’ 

^ . , , , i ! *' 

The ten dry winter-s with an average rainfall of 7. TO inches 
were followed by an average wheat crop of :}41> liu.shelH per 
acre on the plots selected lor coinpariscin, Thi! ten wet winters 
with a corresponding rainfall of LI inches wore followed l.y jin 
average wheat crop on the same |tlots of only 2«':2 IniHliels," 
Making the comparison in another way anti divhling the 
thirty-four seasons 18704004 into two groups according t.* 
whether the percolation during the winter months, Novein!,.., 
to February, was above or below the average, we olitain a 
similar result. In fifteen seasons with a low winter pcrc«latt«»n 
averaging S-02 inches, there w-as an average crop on tin 
selected plots of 31 '» bushels per acre; in the other niiniccn 
seasons of high percolation, 9-43 inches, the av.aagc croi, on 
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tlu5 saiiui plot was only s Itushols. AlilMtugli of course the 
weather later in tin; season has a great efFecl in iletermining 
tin; wlieat enjp, it is yet evident that the jiu».Ht critical jjcriod of 
its gnnvth lies in tin; tir.st four months, when tin* fiiundation (jf 
roots is being lai«l. 

On the whole, it will he seen that the great dirt’erctn'es of 
manuring to which the liotlnimstcd })lo!s have heen stihjeet 
for so long a period have a inneh greater elleel iin tljc gniss 
amount of ertjjj tluin «>n the quality of the grain. Space does 
not admit of a fiisimssion of the detaileii aiialyse.H of the ertips, 
Imt they show Himilar ri*sults in regard to the comparative 
stability of the nature of the grain, Elnetiwfions in the amount 
f»f the f-rop <lue tt> seasmi or manuring are refieete«j to a much 
smalhir degr«;e in the e«>mpo.Hition of the grain ; the composition 
oi’ the straw, howevw', shows wilier variations, indiicml by the 
difrerencc,s in the manure applied. 

U. WllKAT Ain u FaI.I.oVV, ami in lioTATION, 

Since tlie ye.ar I Had two half acTi* plots in tin* Jfoos field 
have been croppesl in alternate years with wheat w’ithont 
manure ; every* year one of tlits plots is in wheat while the othi*r 
is heang fallowed, ho that the wheat crop always siifa:eedH a 

vear’s hare fallow. 

*> 

Tlie iM:iitiiTi|miiyirig Tmhh (XXIV,) nlicnfn lliii 

TAIiti XX 1 %mihmd muHnrntmi^j (UnmlMk 
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produce, grain and straw, on the cropped plot following fallow, 
c«m|wed with the crope on the plot in Bromllsilk, which 
is continttoualy cre^ped without manure, ll will be neen that 


EFFECT OF FALLOWINO »K} 

the produce of wheat after fallow is considerably higher fhiin 
when it is grown continuously, 17*1 against 127 biisliels jier 
acre ; but if reckoned as produce over the whole area, half in crop 
and half fallow, the whole acre grows much loss bot.h of grain niul 
straw than where the crop is grown yojir after year on tins Hunn* 
land. A given area of land would therefore 1)0 more prodin-f ive 
when cropped every year than if the crop were alternated with 
ftillow. The superior yield of the portion in crop afftsr a 
fallowing may to some degree be attributed t.o t.ln; grejifor 
freedom from weeds, but in the main it is dins to the product ion 
of nitrates from the humus of the soil during the .sunmnsr when 
it is fallow, a process which i.s much .stimulat ed by the .stirring 
and aeration the soil rec(5ivo.s. 'Fins .siie<s5.s.s of a falliiwing 
depends upon thc.sc nitrates remaining for tins .succeeding emp, 
since they arc not retained by the soil they may bi* entirely 
washed out by heavy aulmunul rains. 

lhat the autumnal rainfall is the great factor in determining 
whether a bare fall<»w shall be profitable or not to tins billowing 
crop, may lie well seen by comparing tins crops yielded by 
these plots with the rainfall and percsilation which took phn-*' 
during the autumn previous to each crop. 

The percolation through bO inclnss of bare soil for tins four 
months September to December inclusive, as unsaNured bv the 
drain gauge, amounted on the average to b -ln inches for the 
seasons 1870-1901. If, then, we divide the ytsars into ttvo 
gioups according aa the autumnal percolation is above or below 
the average, and allot to each year the crops on tlio coiitimitnii 
wheat and wheat after fellow plots for the harveat following 
the given percolation, we shall obtain the avemge results shown 
in Table XXV. and illustrated in the dii^ram Fig. 0. 

Taking the seasons of small minfel^ avomging g-HH inches 
for the four months September to Deceml)er inclusive, the 
percolation was only 4 inches, and the total produce on the 
wheat after fallow plot was 2748 lb. as against 1810 lb. on 
the continuous wheat plot, or a gain of 903 lb. dun to 
fallowing. 
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fallow yielded 1767 lb. again.st 1027 lb. on the 
wheat plot, or a gain of 100 Ib.s. only <Iuo to fallowing. 

It will be seen that the bare fallow incroaHed the wheat erop 
coming after it by nearly 62 per cent, when a eoniparativtsly dry 
autumn succeeded the fallow, but the iiKU’ease wan hwH than 
per cent, when there was much rain and percolation aft<*r the 
summer fallow. 

It is interesting to compare these two plot..s, both witlioiit 
manure, with the continuously unmanured plot in the Agilell 
field, which comes into wheat once every four years in the 
course of the rotation (see p. 100). The plot in (piestion has 
received no manure since 1852; it is cropped on a four t-tmrsj' 
rotation, beginning with turnip.s which are comjdetely remove<l 


TaI!I,K XXVI. — Wheut Ijtvwn withmil Mniunr. nt Ibillm mnLiil . 
(1) (I nmtL mntiniixmhf ; (2) In<iUrrnii(ii>ti irith h'litlw 
(:i) In FtMr-mum’ nttitiim.. Aecnufi'. for t/n 12 y,itm 
(1865, '50, '03, ’(57, '71, ’75. '70, ’83, ’8?', 'o'l , 18!>0). 


Dnihjjed Omin |H!r lurt*. 


GonUnthJtif Wh«»at.. 
(Brimdlmlk, I'int B.) 


Wheftt after Ealhw, Whri»t, ] 

(ihHm Fifild, n«H ti,) ■ ’ilAM.l ] 


12*4 IH*| ^H'll 


from the land, after the turnips barley i.s taken, then e(»ines a 
season of bare fallow before the wheat. It will thus la* seen 
that three crops are removed in the eourse of the four years, 
but so very small is the turnip crop that prac^tically the land is 
cropped only every other year. For the twelve ytmi-H during 
which comparison is possible tlie average crop of wheat grown 
thus in rotation on continuously umnaiiure<! land law been 2H f| 
bushels per acre, &b against IBl bushels for wheat after fallow 
and 12'4 bushels for cotitinuous wheat. 

It is difficult to explain this superiority of the wheat grown 
in rotation over the wheat after fallow. There are no i,„,re 
residues in the land in the one case than in the other, the land 
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III. Tiuauh ok Vahiktiw or Wheat. 

In tlHM‘h;vcn ytnirK 1^71 triitls wm* niiiilf of ul»out 

twenty varietien of wheat innh‘r the ontinury I’omhiiotiK of 
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farming, the whml» bdmg grown in » (iiflhrtfii finiil eitcii ymr. 
Table XX Vila, ihowt the results ebtafnec} in buahdli per 
acre each yw, and Table XXVIIii. the wine re«a!t» 
redueed eaeb year to the common ratio of the average 
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crop taken as 100. The final order reprosonta the mean 
of these last figures, and shows the average rblativo position 
occupied by each variety when seasonal fluctuations an; 
eliminated and each year is allowed the same weight in 


Table XXV I Ib. — Varieties of Wheat grown at Jiotfminstrd, IHTldKHL 
Mean Produce of all the varieties each gear taken as \ 00. 


Variety. 

1 1B71. 

1872, 

1878. 

1874. 

lH7!i, 

j IHTd. 

IH77. 

1 

imn. 

1^711. 

i IMHI. 


Rivet (Red) 

White Chaff (Red) . 



125 

192 

181 

100 

1 

^ 116 

128 

78 

: 99 ^ 112 

IIP 



105 

109 

109 

117 

n:i 

IM 

in 

^ 117 ! 117 

112 

Club Wheat (Red) . 
Golden Drop (Red), 
Halleit’s 

. 1 1*2 

108 

122 

119 

127 

112 

; 115 

118 

115 

' m ^ 99 

no 

123 

119 

114 

102 

104 

114 

no 

102 

102 

7h i !W* 

im 

Bole’s Prolific (Red) . 

104 

101 

116 

95 

119 

97 

104 

102 

151 

: 102 i too 

1118 1 

Red I.angham , 

95 

104 

88 

105 

95 

too 

too 

98 

126 

nil i tm 

1«6I : 

Red Wonder . 

97 

104 

95 

109 

90 

104 

97 

101 

107 

' 117 j 99 

102 * 

Bristol Red 

91 

105 

102 

105 

86 

too 

108 

101 

106 

127 i 99 

1112 ^ 

Hardcastle (White) , 
Red Rostock . 

115 

no 

108 

119 

98 

106 

92 

102 

104 

94 

98 

108 

101 

no 

105 

41 

JOl ' flH 
llH ^ W 

if« ; 
lOJ ! 

Red Nursery 

urn 

107 

70 

81 

106 

88 

95 

92 

151 

114 : IIP 

101 i 

Browick(Red) . 
Burwell (Okl lied 

100 

96 

90 

101 

105 

92 

95 

96 

117 

81 ’ 102 

99 ; 

Lamnms) 

97 

98 

90 

98 

105 

90 

91 

89 

92 

192 

1 12 ’ 96 ! 

99 ' 

Woolly Ear (White) . 

: 97 

101 

95 

lOI 

98 

in 

87 

98 ; 

87 . 95 i 

97 i 

Casey’s White , , i 


100 

96 

104 

106 

107 

! too 

92 

!^\ 

1 100 1 m 

97 I 

Red Chaff (White) . 1 
Golden Rough Chaff 

102 

88 

91 

96 

m 

105 ; 

j 90 

fill ' 

j 

(Red) . . . I 

102 

n 

90 

; 100 

106 

90 

^ 85 

90 

70 1 

1 00 ' 90 

fill < 

Chubb Wheat (Red). 

Vkttoria White (Hal- 


95 

92 

loo 

104 

95 i 

1 97 j 

1 f 

107 

; 101 j 

62 ... ; 

91 { 

lett’s) 

105 

107 

98 

87 

92 

97 

1 99 j 

85 

7ji f 

65 •' 95 

91 i 

Hunter’s White (Hal» 






! 

lett’s) 

Original Red (Hal- ! 

sn . 

94 

m 1 

i 

m 

72 1 

103 

m j 

82 j 

85 ■; 

' ... 1 

] 

90 ' 

lett’s) . . , * 

im i 

m 

94 j 

86 

71 1 

94 

104 ! 

1 

1 


1 

8S» i 

88 i 

White Chiddam 

j 

im 

82 i 

83 

88 j 

HH i 

m i 

96 1 
1 

58 i 

III 10 H 

i 

100 ^ 

100 

100 j 

100 

100 ; 

1 

100 

100 t 

i 

100 ? 

j 

urn ■ 

too MOO ■ 

1 ■: 

toil 1 


making up the average. It is evident from the fliictuatitig 
position any wheat occupies from year to year that vnriely 
tests require a good many repetitions before great trust can 
be placed in their results. In the present case five wheats 
stand out as considerably heavier croppers than the others on 
the strong Rothamsted land—Rivet, White Chaff (Rod), (!Iub, 
Oolden Drop, and Bole’s Prolific. Of these, Itivet is perhaps tJie 
olde^ English wheat remaining in cultivation, known every whore 
tor its heavy yields on strong land, its coarse straw, the inff?rior 
quality of its grain, and its bearded character. White Chitfl 


KXPKKIMKNTS ri'oN WHHAT 


* I 

I 

I 


(JH 

(Rod) appojirH to lio tho wljont now ^rowii nn Stpwn* lleud’s 
Mnstor, Tcvorson, etc., just as wlauit is the* (*ri| 4 inal form 
of tho wheaf now' puiorally kiH»w n as Squaro 'r!i<*so 

tw'o whoat.M nrv ptadiiips tin* most ^I’mjrally j^'rown of any 
at the; pnjsfut tinu*. (iohlon I trop is an old whoal of fair 
(pmlity, still vtn'v pmorHUy grown, 1 loir’s I’ndifjr is no longer 
grown as such, hut may rrprrsetit the wheat nt>w known as 
Pilgrim’s I*roHfu’ and Red (Jiant, not uneomnmn iti the South 
Mitliands. 


PlJAOTlf At. ( !it,Vrni HioSs 

1. The results oljtninerl on (he n»taiion hehl hIiova* that 
Avheat, witli its deeply rooting habit and its long jierioil of 
growth, is in less nrtal of direct innnnring than most crops of 
the farm. If the laial is in good heart it ean n.snally be grtwn 
Avith the residues in tin; soil, e,speeially if it ftdloAA s a eloA'er 
crop, 

*2. Whenever iiiamire is neeih'd it .should lie mainly iiitro 
genoiis, and nitrate of soda generally aiistvers better for Avheat 
tluwi sulphate of ammonia. After a wet uutuinn and winter 
a top-dressing of tiitrate of soda, 1 to i?Avt. acre, Avill be 
found partieularly valuable. 

51. Wlion wheat is growm two or three times in stieeesston, 
about 1 cwt. |>er acre of some slow iwting nitrogenous mamm* 
ancl 2 t;wt. of superpliosplnite, should be ploughed before 
seeiling, and a top-dressing of I to 2 ewl, jM‘r acre of tiitrjttt; 
of soda sliouhl lie applied in Febniiiry. Chilyoit the lightest 
sandy and gravelly soils tvill any return ho obtnineil for the 
use of kainit and other |K>bish salts with wheat 

lli!|ii-rrl <#f Exjitrittieiiti i#ti l^-r Clwtwtfi itf Wlifgt^f#r T»rttl| fmfn lit 
mmmmlm mm lh« mmm Jmr* Itm^. M iS «tifl 

44i. V#l# lll.f 4 

Otaate aiiil «r Wln»l Jmr* fi^. Jg* (ISSOJt III* 

litdkmmM’M V#t V.-f Um* 1 1# 

III# #f Ihe Aih nf WliesI Cirr»lii »fiil Wliral Strawp gftiwiif 


I" 


i 


I 

I 
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at Rothamstecl, in different Seasern^, and by <iifferent MinuireH/’ TrmiM, 
Chem, Soc.y 45 (1884), 305. Ilothamded Memoirn^ VoL VL, Ko. 2. 

^ Report of Experiments on the (Growth of Wheat for the Seeond Feriiwl 
of Twenty Years in suecessicni on tlie same I^nnd/' Jtmn Hm/, Ag, Sm\f 
46 (1884), 39L Roihamsled Memoirs, VoL VL, No. 3. 

On Agricultural Investigation ; illustrated by Results of h#KperlriH*fitw #tl 
Hothamsted, on the Growth of Wlieat, f<»r Forty Yenrn In «uee«*Hslon on 
the same I^nd/' Being a Lecture delivered at tlie Miehigiin Htiile 
Agricultund G>llege, hunHlng, Mtcliigan, Oetol>er 14, 1HH4 ; mid iii 
Rutgers' Colleger, New Brunswick, N.J., October 27, 1884. HidhomMied 
Memoirs, Vol. VI.^ No. 5. 



(JIIAPTEH V 

K.VI’KISIMKNTS i l’(»K ItAKJ.KY 

I. fhr Ctrowih of ll«rlry uimu llir Hmm Firlil : 

/I. Midtttrtwtirt* f»f Virifl linilrr llir iunUmmuf* nf liarirj «iri 

tlir ftisriH' 

IL EffrrI <»f 

Effrrt *if Mliirriii Mitinirrs, 

/F C^liiiriirlrr uf thr CVo|i iilfrrlrri liy 

IL llitriry Knmu in UtitmUmi Agilrll FirliL 

Frarllrul C*iwf‘lii?ii«niiiiri«l llrfrrriirr-^. 

I. ThK (JitNTINI'orH CtlJOUTH OF BaHLFV TtlK KAMF. 

LaM», IfooH Fllvl,[», 

Tiik oxparttnRniH on the aoiitintimiM growth «f hurley were 
hegun in the Hoos field in The jirmngonient of the 


IH8I-18IM); (jjirter'H f*rtri» Prii;e, eoven yenrn, iHfiMW ; md 
Archer’s Btiff Straw, 1808 nnd since. 

The nijinuros are sown in the sitting, and pleughetl in about 
a week or a fortnight before seetiiog. Tlio fito do not mn the 
whole length of this field, as in Birndbalk. Instewl, there are 
four longitudinal strips receiviiig different eoinbinatlons of the 
mineral niatmres; these are all crossed hv four brc«dth» 
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receiving different nitrogenouH manures. The niituiral mamiring 
on the strips is as follows : — (1) none ; (2) phosphoric a(;i(l only, 
no polish or alkali salts ; (3) pota.sh, magnesia, and H(Mla, no 
phosphoric acid ; and (4) complete mineral manure, supplying 
both phosphoric acid and the alkaline salts. Fac;h of tlusse is 
combined with the four different cro.ss -dressings of nitrogenous 
manures -Series O no nitrogen. Series A ammonium-HaltH, 
Series N niti’ate of soda, and Scries rajio cake;. Tlufrc 
are other plots, one of which has received farmyard manuri; 
each year, and a second which receivtnl farmyard manure for 
the fir.st twenty years but luis since been unmanured. 

Table XXVIIL .shows the nature ami <juantity of the 


Tabi.k XXV'I II.— AIc/mv'/w/vc/.v un Harhy, llmm Firhl. Mitiiurinij >/ 
thr. Pluts pr.r acre, pr.r onjium, IHft'i and Hi/ire. 


Hot. i 






i 7 . 

i ii 

ill 




1 0 , Kc> Mincmii, iind tio Nitwgt!ii , 

20 < Stipcrph{wphatr iwtiy, do. 

3 O i Alkmli SidtM only, dfi. 

4 O I Complete Mitjemk, ilo, 

1 A j Amiiioiilijm»fiitltii liltme 

2 A j Hiipei^»ha«pltal<* arid Aiiirii«iiintti-%alt«i 

B A Alkali %Salte and do. 

4 A ^ Complete Miiierak ami do. 

1 N : Nitrate of S<Mk akmr . 

2 N Supcmtopliate and Nitrate of Soda 

i N Alkali ^Iti and do. 

4 N Complete Mioemli and do. 

1 C Eii|kj Ckkif alone 

2 C I Stimarfdioftpliate and Eape Ckke 

5 C ' Alfcali and do. 

4 C j Complete Mlnerak and do. 

I 

7»! i Cn«imnurml{afterdMfig20yrii.daf>2-7l)'' 

7-2 ' Fariiiyiircl Miimim . . . , 1 1 


a 
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i ^ i' ^ ' 

1 1 i i 
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manures applied each year to the plots, 'ruble X XIX. shows 
the avemge production of grain anil straw for the wholis 
period, for the last ton years, and for tlie single year 
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YIELD IN SUCCESSIVE DECADES 


Table 'X.'KS..— Experiments on Barley, Hoos Field. Average Frodwc per 
acre of Dressed Grain and Straw over swressive \Q-year peiiods, fiona 
1852-1901 inclusive. 


Plot. 


Abbreviated Description 
of Manures. 


Averages over 








Dressed Grain. 


10 

20 

30 

40 

A 

A 

A 

IN 

2N 

3N 

4N 

IC 

2C 

3C 

4C 

7-1 

7-2 


No Minerals, and no Nitrogen 
Superj^osphate only, do. 

Alkali Salts only, do. 

Complete Minerals, do. 

Ammonium-salts alone . . . 

Superphosphate, and Ammonium-salts 
Alkali Salts, do. 

Conaplete Minerals, do. 

Nitrate of Soda alone . 
Superphosphate, and Nitrate of Soda 
Alkali Salts, do. 

Complete Minerals, do. 

Rape Cake alone .... 
Superphosphate, and Rape Cake . 
Alkali Salts do. 

Complete Minerals, do. 

Unmanured (after dung 20 yrs, , 1852-71) 
Farmyard Manure .... 


Straw. 


10 

20 

30 

40 

1 A 

2 A 

3 A 

4 A 

IN 

2N 

3N 

4N 

IC 

2C 

3C 

4C 

7-1 

7-2 


No Minerals, and no Nitrogen 
Superphosphate only, do. 

Alkali Salts only, do. 

Complete Minerals, do. 

Ammonium-salts alone . 
Superphosphate, and Ammonium-salt 
Alkali Salts, do. 

Complete Minerals, do. 

Nitrate of Soda alone . 
Superphosphate, and Nitrate of Soda 
Alkali Salts, do. 

Complete Minerals, do. 

Rape Cake alone . * . 
Superphosphate, and Rape Cake . 
Alkali Salts, do. 

Complete Minerals, do. 


Farmyard Manure 


Basil. 

Bush. 

Bush. 

Bush. 

Busb. 

Busb. 

22*4 

17-.5 

13*7 

12*7 

10*0 

15-3 

27*9 

23*2 

17-9 

17*7 

13*5 

20*0 

24*7 

20*1 

14*5 

12*4 

9*1 

16-2 

30-5 

24*4 

17*7 

16*9 

12*8 

20*5 

33*6 

31-2 

26*2 

25*0 

16*6 

26*5 

45*6 

48-4 

40*5 

36*7 ! 

28*0 

39*8 

35*0 

35*0 

30*1 

25*5 i 

22*1 

29*5 

46-1 

4C*4 

41*0 

40*7 

36*3 

42*1 

39*7 

34*2 

28*2 

28*5 

21*9 

30 *.5 

48*9 

49*6 

42*0 

42-7 

36*5 

43*9 

38-6 

36*1 

29*9 

29*1 

24-8 

31*7 

49*9 

49*5 

42*2 

40*4 

36*0 

43*6 

47-0 

43*6 

39*0 

35*4 

31*3 

39*3 

47-8 

45-7 

41-5 

38*4 

33*7 

41-4 

44*0 

43*2 

37-4 

33*8 

29*7 

87-7 

47-4 

47*2 

41-9 

36*0 

32*4 

41-0 



34*2 

26-4 

•20*3 

85*5 

U5-0 

51*5-! 

50-2 

47-6 

44*3 

47-7 

w. 






Cwt. 

Cwt. 

Cwb. 

Cwt. 

1 Cwt. 

Cwt. 

13*4 

10*2 

6*9 

6*8 

6*6 

8*8 

14*9 

11*8 

8*4 

8*1 

7*8 

10*2 

13*9 

10*7 

7*1 

6*8 

6*3 

9*0 

16*1 

12*6 

8*5 

8*4 

8*0 

10*7 

19*8 

17*4 

13*6 

13*4 

11*0 

15*0 

27*9 

27*5 

20*5 

19*7 

17*0 

22*5 

21*9 

19*7 

16*6 

14*6 

13*9 

17*1 

28*9 

28*0 

23*5 

23*4 

21*1 

25-0 

24*0 

20*1 

15*4 

16*5 

14*8 

18*2 

31*9 

29*2 

22*8 

23*9 

23*3 

26*2 

25*8 

22*1 

17*5 

17*6 

16*4 

19*9 

34*6 

30*1 

24*4 

24*5 

23*5 

27*4 

. 29*4 

24*3 

21*1 

18*9 

18*6 

22*5 

. 30*8 

26*0 

22*3 

20*7 

19*8 

23*9 

. 28*9 

25*3 

20*8 

18*9 

18*4 

22*5 

. 31*3 

27*8 

23*1 

20*5 

19-9 

24*5 



' 18*5 

14*5 

13*3 

20*6 

J |26*6 

29*9 < 

L. 30*1 

29*3 

1 29*9 

29*2 




li' 
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limitfiii root rauf'i! of th(5 plant would hrinf' ahoiit a comploto 
(‘xlmusfion of tin* avnilahlf .soil much sooner with inirhw than 
with wheat, hut there in (svidcnce that the decline in the yield 
of these harley plots is to some extent due to a rtin of less 
CRAIN 
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h**.. --Ymld mf IMfhy fliirtfijC 



COMPARISON WHEN OROWN IN ROTA'nON 7'r 

from diagram Fig. 10, which shows th(5 average yichl of graui on 
the unmanured plot, on the <lunged plot, and the mean of tlni 
three plots completely manuretl with artificial manureH. Thf* 
decline in the production of thedungo<l plot is the least markfsd, 
although considerable. 

Again, the Agdell field, which come.s into barle.y every 
four years, has shown a decline in its yield of barhjy during 
the last fifty years, which is very similar to that of tin* 
continuous barley plots when tlu; yields of ea<di field ar«‘ 
compared for the same years, Tabl(^ XXXI. shows the total 
produce from the unmanured and two of the eomplettdy 

Table XXXI. — Bnrlni/ (jnwui rmitiniNmH/t/, Ifnna Fh 'il, aiid in /tiur-nmm- 
rotation, AgrhH, Firhl. f/omparmm of thr Tatal Friuli/rr ((Jrniii and 
Btraw) prr anr. in thr ymn ’t. 7, ’01. ’05, 'Oft, '7:5, '77, ’HI, '85. 
'89, ’93, ’97, and ]f»01. 


j 


IPdathifi liar i«*> , 
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manured plots in tlie Hoos fiehl for the years when hurley 
was grown in the Agdell rotation field, for which field tla* 
crops on the unmanured and the most highly iimmired plot 
are also given. It will he seen that the barley crop growti 
in rotation on the plot that is highly manure<i (a coniphii* 
manure is put on for the prectjding Bwetlc crofi, which is 
returned to the land) shows the same decline in yield as tijc 
crop on completely immured plots growing barley conf inmmsly, 
the average production over tlie whole poriisl and in successive 
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twenty -year pttriod.s hein^ very Hiniilnr. Thin waiiw tu .sht»w 
that tlic (hjcHuf in pntdnction on the ujanurcd plots in tin*, 
later periods in the Iloos field is <lu<* to season, and not 
to the fact that hurley has he**n ^Towii e«fntinuonsIy on 

the same IuihI. The vmnmnnred plot, how«*ver, uialer eon- 
, finuotis harley shcnvs a inneh greater prijgressive deeliin* 

, , than the (uirresponding unnianured plot growing hurley in 

? rtitation, where the Ininl is pratdieally fallowed ii» alternate 

J. seaHons. On the w'hole, the results point to th<’ prohalality 

I . that nninatinrcd land will heeome iinalde to grow harh y t'on- 

' tinuon.sly at a niueh earlier date than will he the «‘iise with 

wluuit, so eoinparnfively restrieted is the range of the harley 
roots. 

j 11, /^ree/ it/ 

The etti'ct of nitrogejnajs maniires upon the lutrley r ri»p is 
best seen V»y etanparing tin* yields of the varuais Plots <1, all of 
I i j which receive the sjune mineral luaniireH ; the dwigraiti Fig. 1 1 

shows this coinjairison in a grajdiie form. Pha 4 (I, reeinving 
no nitrogetj, has only given an average erop of i't) 1 laisliels per 
I I aero, and this lias heen more tlian donlded liy tht? application 

of 4tl Ih. of nitrogen |K‘r acre to the other thret! |ih»ts, But little 
I U difference is seen in the return for tins aniount of nitrogen, 

: whether it Imj applied as ammonitim saUs, nitmte of s«sla, or 

I I rafHt (take. Over the whole periisl the nitrate of soda gives th*^ 

highest return by alwait ll j>er cent., hut dtiriitg ilo* Inst two 
ciecailes, the plot receiving aiiiinoititini-salta has been slight !v 
i t the l>e«t of the thret*. In the straw, again, the ilitlennices are 

I ; very small, tliongh the siijRTiority of itlt rato of wsla is ml her 

j, iiiort! prononneed with the stmw than with the grain. The 

I fact thiit atmiioniiim-salts answer iHiiter with l»arley than with 

wheat is thie to their retention hy tlio soil close Ut the siirfaci* : 
_ { the comparatively sliallow-nmtist liahit of harley and its growth 
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that the nitrogen compounds of rape cake are almost wholly 
utilisahle by the crop to which they are applied. At any rate, 
no large amount of residue slowly becoming available is left 
in the soil, as in the case of farmyard manure. 

The plot receiving farmyard manure, 7-2, gives a higher 
crop than any other, but the amount of nitrogen supplied in 
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thiH CHHC is v(‘ry IukR, fstiiimtcti al ai-arly livi* tinios as 

iriuch as on any of the* <»flicr plttts. 

< hm of the pcriuanfut barley plots (Plot 7| received 14 tons 
of farmyard luannrt* per acre each y<'ar for twenty years in 
smaa'ssion, viz., from lHr»2 to IhTI. It was then <Uvi»ii‘d into 
two jilots, om^ of whic'h, 7-1, has received ih» mnmire of any 
kind sitjce ; the other, 7-2, crmtimuHl t<» f'et its anmuil dressinji: 
of 14 tons of dun};. After tln' diseontimiaiu’e of the ilung, the 
barley crop on that half of flu’ plot iiatnrally began to fall oft’, 
but only slowly, and even now, after thirty years' cropping 
witimiit mamin’, the eft'ec^t <if tin* residues left, by the previous 
twenty years' application of dung is still t«i be seen in a 
yitdd that is double the cr»>|» «ibnuiied from the eoiitimiously 
\ iinmanitred plot. Table XXXII, shows tlie total pro<hi(re 
s 
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ohtiiinisl from the thrc® pbta in qtiestbn for iho thirty yaut 
which have ek{wed «ince the thing; tin Phil 7 - 1 wim disconf btied, 
the first five yearai are g^ven singly, aft*»r tliat five years are 
tgrtiujpeti into one period and the mean remit given. In order 
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to eliminate the cfteet of seanons th<i crop resnltH hnv(‘ al 
been reduced to the common standard of the (o-op on tin 
continuously dunged plot, 7-2, which has varie<l v<*ry litth 
during the period. 
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Fw. IX-ltutk^y 1V«J PnKJwn mkltwl ,»f J#,„ 

Manure in rcteO<»» Ut tint Uuii,| jr«. 




(•(jiiiimmliy failiiij', it will only rmcli tin* Invfl of that on fin* 
continuously unmanurcil phtt after a hats' tinic. 

('. It/ Mliii i'iil Miuttin.'i. 

The iiothainsfcil liarlcy fichl affords a more thoroni'h series 
of comparisons of the idfcct of the varitnis miticral manures than 
tioes the wheal fichl, for in conjunction wiilj each of the nitro 
oenotts maiHirt's we m*t plots receivinij no minerals (I ), phos- 
|>horie {icid alone (2). potash atnl the other alkaline salts, hut no 
plntsphorie arid (tt) ; and the eomjdete mineral tnaniire, ctni 
t 4 uning both phosplmric aeid ami the alkaline salts ( tf. In the 
ahsenee of nitrof'en the mineral manures liave Intt little efftflcrt, 
thon^h they jtrcsluee a nmeh greater inwtmse i>f crop tjver 
that of thi! nnmatmrcd plot with Itarley than with wheat, 
Aminonium salts and nitrate of stela used alone are riot ho 
ethnlivc jis with wli«*at, fait the raj«* eake nseil without 
inimu’alH gives alnitjst as hig a erop as when siippleiiientel 
with a eomphsie mineral manure. Of course ra|«? eak« is rmt 
a purely uitr«>geiiotis tnatiiire, fait itself supplies ahout 24 ll>. of 
plmsjdioric aeid atid 17 U*. «»f potash js-r acre |K*r annum, 

The diagram Fig. 13 shows tii agraphit* form the effectH of 
the various miin^ral iniuiurcs, the nitrogen supply ladiig tln! 
same in all raises. 

The great importance of phosphoric iwnd to t!»e Imrley crop 
is seen on comparing Phils 3 and 4, which only differ from 
one another in the omission of phosphoric aciil on Plots 3. 
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■p- 

acid,* in the ear long before Plots 3 and (to a less extent) 



Grain per Acre ,1b. 

Fjg. 13. — ElFect of Mineral Manures on the yield of Barley (Grain and Straw). 
Mean of Series A. N. and C. 51 years (1852-1902). 

Plots 1, but they will have begun to yellow for harvest when 
Plots 3 still show only upright green ears. 
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K2 

Blots ’2 and 4, w«* st’o tliaf a inanm-f supplying 
plutsphoric acid and nifroj^cn is almost as nOet'tivi* as a ooinplcto 
manim* containing also potasli and tin* oflun- alkaline salts, 
'rhen; is a great incrca.s(^ of crop can.scd Ity the .supcrpho.splmtc 
and nitiatgcn on 1 ‘lot .s 2, over the nitrogen alone nn Blots 1, 
and very litlh* further increa.'>e for the ftirther udditi«>n of 
potash and «)t her alkaline .salts on Blot.s I. Where the nilia> 
genoiis innnure is nitrate (»f .soda or ra|»f' eake, the omission of 
the [jotash on Blot.s 2 contpareil with Blot.s 1. reeeivisjg a 
i’oinplete manure, .shows ni> eihai, whether we make the 
luanparison ov«*r tins whole peritid or for ,snej;e,s»ive ten year 
jierioda. With amtnonium .silts, however, m the .sonree of 
nitrogen the omission of potash does «*ventually diminish the 
crop; for the first thirty years tlie crops on Bhils i ,V and 2 A, 

TaI4|»K X XX 1 1 1. ■ - */ /Wfij/i, l«i If kid 

ifd.i/i 1 A iumh^ A w m^m i ii wi y # ml >Xrimir' 

i'f fh*' f/ 

i Itmtio «f 2 A Iw l A, Aii*tu«»iii«m (Will , ns » J«» 3 I*'* * 771 

I lUUiMtfaKi.iiN.NilriiltittfSwslii . »«« ^ irn-i ; rsli IDS'? loi-i 






QUALITY OF CROP 83 

show the ratio the yield of Plot 2 (without potash) bore to that 
of Plot 4 (with potash), during each decade. 

Thus the yield on Plot 2 A (ammonium-salts and super- 
phosphate), which for the first thirty years was practically equal 
to that on Plot 4 A (ammonium-salts, superphosphate and 
potash), fell off by 10 per cent, in the fourth decade and 23 per 
cent, in the fifth ; whereas the corresponding yield on Plot 2 N 
(nitrate of soda, and superphosphate), is as good as that of 4 IST 
(nitrate of soda, superphosphate and potash) up to the end. 

Potash plays a less important part than phosphoric acid 
in the manuring of barley. Very little increase of crop has 
resulted from its use on the Rothamsted soil, and the only 
indication of the supply in the soil giving out has been seen in 
the last twenty years on the plot receiving superphosphate and 
ammonium-salts. Of course the Rothamsted soil starts with 
a very large original store of potash. 

Speaking generally, we find that barley is much more 
dependent on a supply of mineral manures than is wheat, a 
free supply of phosphoric acid in particular being essential to 
its proper development. 

D. Character of the Crop as affected hy Manuring. 

Table XXXIV. shows some of the characteristics of the 
barley crop during the last fourteen years compared with the 
average market valuations put upon the samples by Mr Few, 
of Cambridge, who has examined them from year to year. 
The current market price prevailing at the time of the 
valuation is taken as 100, and the value put on each sample 
is calculated on that basis. The first thing that becomes 
apparent on inspecting the table is that it is impossible to grow 
high-class barley by simply starving the plant. In each of the 
series it will be seen that the barley showing the highest 
average value, the best weight per bushel, the largest grains, 
and the smallest proportion of tail corn is that grown on Plots 
4, where a complete manure containing both nitrogen and 
minerals is supplied. It does not, however, follow that any 
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kind of luiinnn* will inijn'ove tho t|ii}dity '>f tin* karlcy. Tin* 
jjruiii fnnu llm rocoiving ffiriuyart! iimnun’ «‘\t‘ry year, 
diwpitc thi! high wHght par hn.Hhcl, and tlu? hold hrrry inclicatcd 
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EFFECT OF SEASON UPON (QUALITY 

compared with Idots 4 results in a deterioration of all tin? 
qualities making for value in the Parley. (Jomparing th(^ 
barley from Plots 3 and Plots 1, in the abKence*. of super- 
phosphate the potash salts on Plots 3 do not effect much 
improvement, though their presence on l.*lots 4 as compared 
with Plots 2 results in an improved quality. The presences of 
potash in the manure increases the straw more than the grain. 
In all the series it will be seen that Plots 3 and 4, reccsiving 
potash, give a lower proportion of grain to stiaw than do Plots 
1 and 2, without potash. 

If we compare the series together, the rape cakts gives 
better barleys than either ammonium -salts or nitraf.e of soda, 
but the sample which on the average is the best is that grown 
with the full minerals and ammonium-salts. 

Table XXXV. gives a comparison of the crop of grain and 
straw, the weight per bushel of the grain, and the proportion 
of grain to straw, in 1803, a typically dry and hot year, and in 
1894, a wet but free-growing year. 

The amount of grain produced is not ilis.similar in the two 
years, but 1894 grew very much more straw, thcj averagfj 
proportion of grain to straw being only about 70 as 
against 90 in the dry season. The weiglit per liushcl 
of the grain is also higher, averaging 5;)‘7 lb, in the dry 
year 1893 as against 52‘5 lb. in the wet year 1894. In the 
dry year the plot receiving farmyard manure had a very great 
advantage, and grew 25 per cent, more than the other completely 
manured plots ; whereas in the wet season when it gave about 
its average crop, several others gave almost as much, and it was 
actually excelled by the plot receiving nitrate of soda and 
minerals. As was noticed in the case of the wlujnt crop, 
nitrate of soda answered better than ammonium-wtlts in the 
wet year, giving on Plot 4 N 45 bushels of grain and 33’4 cwt. 
of straw against 41*4 bushels of grain and 26-8 cwt. straw on 
Plot 4 A; whereas in the dry year the ammonium-HfiltH had a 
slight advantage. Taking, however, averages ovtu* the whole 
period, it is found that the seasons in which t ho anmuininm- 
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salts , give a better crop than the nitrate of soda are wetter 
throughout than those in which the nitrate of soda is the more 
effective source of nitrogen. A wet March seems to be the 
most hurtful to the nitrate of soda plot. The comparative 
effect of the mineral manures in a wet and dry season are also 
similar to those noticed in the case of the wheat. , In the wet 
season the crop is very dependent upon supplies of minerals in 
the manure, and -.especially on an abundance of phosphoric 
acid. In 1894 the addition of phosphoric acid raised the 
yield from 10 ‘4 bushels per acre on Plot 1 A to 34‘9 bushels 
per acre on Plot 2 A, and from 17 ’8 bushels per acre on 
Plot 3 A to 41 '4 bushels per acre on Plot 4 A. In a dry 
season it is potash that chiefly tells ; for example in 1893 the 
addition of potash on Plot 4 A to the superphosphate and 
ammonium-salts on Plot 2 A, produced a specially marked 
increase of crop, from 181 to 30 '8 bushels per acre. 

Doubtless in the wet season the ripening effect of the 
phosphoric acid is specially valuable, while in a dry season the 
potash, by inducing a longer period of growth, is more effective 
in increasing the crop. The ripening action of the phosphoric 
acid may also be seen in the way it increases the weight per 
bushel of the grain in a wet season, whereas in a dry season it 
has little or no effect. ' 

In the dry season the weight per bushel is much higher 
than in the wet, and the grain is about equal in weight to the 
straw, whereas in the wet season the weight of grain only 
amounts to about 70 per cent, of the straw. 

Taking the results as a whole, it is seen that season has a 
much greater effect in bringing about changes in the composi- 
tion of the barley grain than have variations in the manuring, 
but that the best barley will be grown with a fair but not large 
amount of nitrogenous manure combined with a free supply of 
phosphoric acid in some way or other. 

It does not appear possible to establish any such critical 
periods for the rainfall in relation to the growth of barley as 
could be done for wheat. 
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siiu’j' IHo'i, tnkinj' flit* nvcraf^f «if tin* (Miiuplftciy itiiumml 
plots (iividtsl into five j/roujis ji<’tn»r«iii}g to tlicir yield id'p'aitj. 
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ship IS olmervahh*, though a getioral tendency will ht* seen 
tt) get tlio heaviest tiverage yitdil when the earlier nioitths of 
growth (March to May) are dry, also the light I'st average yield 
when the latter inonlhs of growth (.Inne and duly) are. the 
driest. 
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comparatively large production of roots ; since these are re- 
moved and since no nitrogen has been supplied, they J;ake away 
a certain quantity of nitrogen, and therefore exhaust the soil 


Table XXXYII. — Af/dell Rotation Barley. Averaxje of 5 years 
(1885, ’89, ’93, ’97, and 1901). 


Manuring 
for Boots before 

Treat- 
ment of 

Third 

Course 

Produce per 
acre. 

Weight 

per 

Grain 

to 

Weight 
of lOOO 

Nitrogen 
per cent. 

Estimated 
Value per 

Barley. 

Boots. 

Ixi 

Botation. 

Grain. 

Straw. 

Bush. 

Straw. 

Grains. 

Grain. 

Quarter. 




Bush. 

Gwt. 

Lb. 


Grams. 

Per cent. 

s. 

D. 

1. Unmanured 

Carted 

Fallow 

15-6 

10 ‘8 

63*8 

76*6 

42*4 

1*562 

27 

10 

2. Minerals . 

Carted 

Fallow 

13*6 

9-3 

54*0 

77*3 

39*7 

1*484 

28 

7 

3. Do. . . 

Carted 

Clover 

19-9 

12-8 

54*4 

80*0 

43*0 

1*559 

29 

0 

4. Do. . . 

Fed 

Clover 

28-9 

17*5 

55*3 

85*9 

44*3 

1*576 

29 

11 

5. Complete . 

Fed 

Clover 

34-1 

23*4 

55*3 

74*9 

46*2 

1*693 

29 

6 


on this plot of its nitrogen to a much greater extent than on 
Plot 1, which grows a very small root-crop ; hence a smaller 
barley crop follows the roots on Plot 2. The minerals in 
fact do not increase the production of the barley to an extent 
which will compensate for the loss of nitrogen in the increased 
root-crop previously brought about by the minerals. 

On Plot 3, however, clover {or beans) is grown as the third 
3rop in the rotation, and by collecting nitrogen from the atmos- 
phere leaves behind a residue in the soil which is still available 
br the barley crop coming three years later. On Plot 4 there 
s a still greater supply of nitrogen, for not only is a leguminous 
irop grown, but also the root-crop preceding the clover is 
■eturned to the land. On Plot 5 the barley finds the 
naximum amount of nitrogen ; here clover is grown, and the 
oot-crop receives a nitrogenous dressing of rape cake and 
,mmonium-salts ; all this nitrogen is returned to the soil 
a the root-crop which precedes the barley. It will be seen 
hat on these five plots the growth of barley is proportional 
o the amount of nitrogen which may be supposed to be 
vailable; all except Plot 1 receive heavy mineral dressings 
ontaining both phosphoric acid and potash, yet in the 
bsence of nitrogen these minerals on Plot 2 are not able 
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1(1 raise thc^ erttp ahctvi*, nor even up f«» lia* level of the wholly 
jimimnunHl Plot I. 

Tiif' Wfijxhl per htishel infreases with jufilition of 

iiilroecii : up ton eeiiain point the proporlittu of ptrain l«( straw, 
aiid the weight (»f ItlltO graijiM also iiiereases, hut on Plot 
with the highest nitrogen, thesi* eliaraeters hegin to show a 
tieeline. The per<*etjlage of tiitrogen in the Parleys inereases 
with thr* supply iji the soil, hut only heeorneH at all above the 
average witli the highest sjunph' froni Plot i>. 'fhe valuation 
rises with the supply of nitrogen in the soil tip to a etniain 
point, lint, shows n slight deeline for tin* last sample from 
Plot it. 

Summarising these results, we si*e tliat a gm»4 weight per 
hnshel ami a large hem* eannot he obtained witlnmt a 
siijlieienl sujtply r»f nitrogen in tin* soil, hut when a eertain 
point has Iteen reaehed ftirthm* exeess of nitrogen in the soil 
results in coarseness and an exef*ssive proportion of nitrogen 
in tlie grain, deteriorating the fjiialiiy. A fair supply of 
pliosjihates are also necessary to ensure early and cuinpleto 
maturation. In the Agdell field. Plot 4 represents the best 
soil conditions to ohtain high qtuilily in the hurley ; on Plot o 


too rich in nitrogen compounds. 


nitrogen is ilerived from the nitrificiition of nitrogenous rcsiflties 
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2. The artificial manure use<i in the first case sliould contniii 
a fair amount of nitrogen, as without it botli the yield will be 
low and the berry small Sulphate of ammonia is a Ixdter 
barley manure than nitrate of soda, giving equal yield and 
generally superior qtiality. The quantity U8C<1 should not be 
more than 1} cwt. per acre. Rape cake up to b cwt. j)er at-rc; is 
also a good source of nitrogen for the barley cro[). 

3. Barley is particularly dependent on a fre(! supply f>f 
phosphoric acid, 3 cwt. of superphosphate per acre may Ins 
profitably used on most soils, especially whore the elimatc* is 
wet. Even with barley after roots superphosphate i.s %'aluable, 
hastening the I’iponing and making the sample more uniform. 

4. An artificial supply of potash is rarely lilcely to be 
wanted, except on dry sands and gravels and in <lry sea.son.s. 

^Hh\ the CJrowth of Barloy hy diffemit Maiuiros on tlio Hiant 

Land ; anti on the of the Crop hi Hotiitlon/' Joftr. //a//, 

AVx- , 18 (1857), m. RidhmmtiHl Mnnmn, VoL L, No. 11 . 

Heport of Kxperhnenti* on tlie Crowth of Barley for 1*werity YenrM in 
^nicccmion on the same Lantl/' Jour, Hot/, Ag, »Vw*., 34 (187*1), H!l mul 
275- UuihmtiMird MemoirM-^ WiL IIL, Ntn 13. 

the more frequent Growth of Barley on Heavy LainL*« Farmers* 
Club, Fob. 1875, Hothaimirfl Memoirs^ VoL V., No. L 
** Results of EK|R*Hments at Ihithnnistetl on tite Growth of Barley ftir mure 
than Thirty Years in stieeesslon on the aame IjtntL'' AgfwuitHrnt 
Hliuhnis Gazelle f New Series, VoL IIL, Part I, IBHCL HolhumMhA 
Menmin^ Veil. VL, No. 8. 

“ Manurial Conditloiii nffeetirig the Malting (jfuallty of English Barley,** liy 
J. M. H. Munro and E. S. Beaeen, Joun Hot/, Ag, 5B (I8II7), 15. 
"Various Conditloiii affecting the Malting Quality of Burley/* liy *1. M. IL 
Munro and E. S. Beiieeii. /oan /%. Ag, Nor., 01 (1900), 1H5. 
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KxvrMiMiisrH n*iiN hath 


r-A|trriiiiriitPi ||fi»wii ^*iimtimH*u4y lifwfti Tlir iiiiiir I^nii 

C riift Firlil, 


Kxi‘IvUIMKNTh iijxm <*atH nn viTy xiiuil.'ir lim-H tu fh«' tmls witlj 
whf’nt and Imrh'y hrgtin in ii! tlx* ( iffHrrfjft ticM, Itui 
«tn j! Hiiutlli*!' Hade, an ludy nix plr»fH, earli acre, %vf-rr 

Ht‘t uuf. TIm’hi* cxiMTitHcaifH were, ImurviT, aJiaixldiiwl affin 
leii yair« : tlii? Met’Hcroft fipM, altlxaigh it hJiowh im phyniail 
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OATS GROWN CONTINUOUSLY 

ions of nitrogen. Even allowing for the deterioration 
texture which so ranch affected the nitrate of soda 
imiuonium-salts appear to be the better source of 

1 . 


KXVIIL — Ocescroft F'ield. Average Pfod%ce per acre, 5 years 
( 1869-1873). U(‘srri2}tio7z of Oats — Black Tartarian, 
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the rnamiring of oats in practice the recommendations 
for barley runy la* followed, except that the quantities 
ivcn may lie somewhat increased for oats. 
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Swedes for four seasons, 1849-1852. Barley was then grown 
for three years to equalise the soil conditions, and the plots 
were rearranged on substantially the plan they occupy to-day. 
Swede turnips were grown for fifteen seasons, 1856-1870, but 
it was found impossible to continue the growth of Swedes 
upon the same land year after year with any success. This 
y was mainly due to the incidental circumstance that on growing 
the same description of crop, with the same comparatively 
limited and superficial root-range, for so many years in 
succession, the surface soil became less easily worked, and the 
tilth, so important for turnips, was frequently unsatisfactory ; 
whilst for want of variety and depth of root- range of the crop, 

/ a somewhat impervious pan was formed below. After the 
Swedes sugar-beet followed for five years with the same 
manures, except that in the last two the nitrogenous manures 
were omitted, and in 1876 mangels took the place of sugar- 
beet and have continued ever since. No difficulty has been 
experienced in growing mangels continuously on the same 
land, as may be seen from the fact that the twenty- fifth crop in 
1900 was the largest of the series. This success must be 
attributed partly to the extended root-range of the mangel, 
partly also to its freedom from insect and fungoid attacks, 
which tend to accumulate on land carrying one crop con- 
tinuously. The only difficulty is experienced on the plots 
receiving saline manures only, especially where large dressings 
of nitrate of soda are repeated every year. Owing to the 
constant removal of organic matter and the injurious action of 
the saline manures upon the texture of the soil the land gets 
into a bad mechanical condition, very sticky when wet, and 
drying with a hard crust, so much so that there is occasionally 
a complete loss of plant from this cause alone. 

In the Hoos field experiments upon potatoes were begun 
in 1876, and continued for twenty-six years; they were then 
discontinued, because the crop on the plots receiving no organic 
manures had fallen to a very low ebb in consequence of the 
deterioration of the texture of the soil. But on the plots 


EX I’KIU M ENTS I ' 1*( >X h >1' « 'E* tpS 


{>() 

receiving fariuyanl manure, ami even on r.-erivim' ..niy a 

cumpletts nrtifieiul manure, the erop Ma> m iintaini-.i in l.ivom 
able HcaHOUH. No talling-nir %va,H olwrve.l uliieh e.,nl<i I - 
attrihuttnl to the lam! having bee<um’ ‘'.■Hiek ' throtu’h ih*’ 
cuntinuouH growth of t in* Hiiiue eroji, «»r ihrungli tin* arr nnnila 
lion of ciineasc; in the Sf*i). 

The tissenlial feature «>f the root i j'opH i> the hug'* atnotiii? 

of (ligOHtihle earhohy'lrati! thi'V contain : in tin* e.i.ne of Swr.l, ?, 
thin couHinta of glneoae, which form" ‘I to 7 p* v eem. of tie- 
whole w’cight <jf the Swedea, the total dry matter t*eiiig about 
II percent, of the whole. In tin* mangii'l tin re i>* al<utit 
per cent, of eane stigar, the total dry matt« r heing id»ouf l*j .. 
per cent. In potatoes the earl«»hydrate i?* Mareh. «4 wheh 
the tuher,s contain ahont ‘in per cent,, out of a total «hy matt* i 
(tont ont of ‘in per eent, 

1. Exi‘iasiMrvT>> ri*o\ Eauv 1 h io, 

lw7‘flt»«>I. 

The area under experirnent anionnif to ahont ii» »« t. nio**i 
of the plots heing altoiit one aeventh a«'re in extent the wliole 
prwlucit ft'irtn each plot is weighed. Imt the root** only at*- 
carted fiway, the leaves jifter weighing Iwdng >fjifri»d and 
ploughed in. 

The hold is divided hingiiiidinAlly info wveii strip* rtmniteg 
the wlioki length of the field i eaeh of these sirip^ ii'reiAe>% 
one nianimt thrmiglioiif its length ; farmyard mantite alorte .m 
Strip I, and in c<inil>iiia!ion with aniuTphosphale and siilphate 
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there are plc»tH Khowing every coiabinatien ItotwtM^n tfio varknin 
iniiientl an<i nitrogenotiH drenaingH employed. 

The mineral manureH, the <Iung ami the rape take, are 
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ploughed in ju«t before aecding, the ammonium-«alt8 and 
nitmte of soda are sown as top tlrcHsings. 

The «(*ed was <libb!ed in the earlitw years of the ttxfwn'iment ; 
it is now drilled, 20 indies between the rows, and tlie plants 
are singled out to 10 iwdies afwirt. 

The following talde.s give, (XL.) the average weight of roots 
grown on mdi plot ihiring the twenty -sevim years, lH70>Ilt02; 
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the plots rceciviiig dun^' aitd thoM* whirh nn- loannn .! fm hi 
sivelv with “artilicials.” 
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DEPENDENT UPON NPmoCJE.NT H 'S MAM'RES 


A. t>f hltmt/fHom Mimui'fi*. 'Phii inatJg«‘I wurz*;!, 

being a plant with a largo loaf clovolopiuant, wuh at oiio tinu* 
to a certain extent reganletl a.H one of the rentorative cropH, 
eaiaihle, with its lai^o area of loaf, of drawing n|Km the 
atiiioKpheric nitrogen and thuH rtanlcwing itaelf indopendoiit ol 
nitrogenous manures. Though it was olivious that nitrogenous 
manure.^ had a pow(5rful elfeet oven upon leafy crops, it was 
urged that the benefit eonsisted in starting the crops, which, 
as soon as tlioy had attained their pr<»per dovelopinent of hmf, 
would continue to feed themstdvos by drawing upon the 
nitrogen of the atmosphere. It was with tlie view of testing 
the truth of this opinion that the tnaiiuriiig on Plots 7 was 
arranged. They receive superpliospliate and sulphate of 
jiot^tsh as mineral manure.s, togetiuw with a small quantity of 
nitrogen, lb, per acre of animoniunt-salts containing 7’B Il», 
of nitrogen per acre, i.e., nlMiut one-eleventh of the amount 
applied tf) the plots in .Series A. 
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form of rapo eako to 10-0 tons. A further julilit inn of "•i l!i. 
of nitroj,nm (as nmmoiiium-Halls) to tin* 5^ !h. of nitroy. n iu 
rapo caka (Plot H AC) producer no aioi" ijirrea^. of i rop, 
which nunains practically Htatioiiarv at 0 ^ ton^. Row* v* s-, 
with 86 Ih. of nitrogen in the Hhape of nitrate «*f ,H««iathe r- nilf 
is somewhat higher than in any other < fur ih- t rop 
amounts to 10 2 tons, a result which will h«* mure in!« ||igil4* 
later. In all thesis atse.s, however, tie crojt is a very imliffer 
ent one for the large aiiiounls of nitrogen •■mphiyeij. ami iii«> 
as|Hsct of tins plots chmriy show that tin* jilani has reeeive«| 
far inorts nitrogim than it can ctfectively utilise in fin altsenre 
of the otln;r miiieral <*on«tit»icnt« which go nnike ii|i a 
completfs plant fotwl. 

Wo may now tnrii to I*Iols I, wher** siip'rplnisphsuie, 
sulphates of poUish anil inagneswt. and cmiiiiion wdi ar*' iiM-d 
in conjunction with nitrogenous itiiinttrcs, thin* c» »n si i lining « 
complete manure wlijc’h snpplie.s ail tin* »dciiii-nfs uf phinf 
nutrition. 

Tho diagram Fig. 14 shows on the li*ft lmn<l ilu* av« riigi? 
results obtained with the varying aniounta nnd twinfaiMnds of 
nitrogen on the Plots 4 in i|ticstion, wlier«’ ihw tsHniitatnilani 
supply of mineral inamire. The right dnind lialf of ttie«ti(igmtn 
shows the effect of the same nifrogeiiotta niaoiinpi wh«*n iimiI 
in conjunction with dung inMti*a*l of complete iiiiiierfds, for 
an account tif which, see jwge l«m. 

Without nitrogen (Plot I It) a very small crop i» grown, 
f>*4 tons per acre, which is increaHcd to lilt tons |er mr*’ 
by tho mklition of 86 lb. nitrogen tit anittiiiiiium-niiJla, or to 
18'0 tons por aero by tho samw ninoiint. of nitfogen appliwi in 
th© sl^pe of nitralo of rnnk, The npplicatioii of if. «»f 
nitrogen pt'r acre in cake incrwiica ih<» cr«»p lo 21 li iotn» 
per acre, and when both rape take and amiiiofiiiincwifi?* 
ar© used tether, iimkliig an applimtion of 184 ih. of 
nitrogen per acre, the crop is raiii»i! to fi»f» ions pr acre. 
Thus when all the other elcfnents of a plant fo*a! are jirewent, 
the crop inoreasM with each aildltlon of nitrogen. jncri*tt#e 



S#ri« OANCAC 

If. Mfliip’l Wiiwrl Kfrti «f |#t«'wa%lti^ A%-rr«ir 

i¥miti»t»r »f fi^^r arm |Wl!4 

II ■ N%t Nllfr^fifiti# K tb. Milit:tgrfi ii.fi 

^ ..■ M III. m : i: ll«|^ 

AV . f«« Hi, >iltirf^ii m C'«.kr, mat ««l Hi, Mlnti^fi mm Aiiitwwliitit-iittllft. 


i» (J'ltJU t<m fc»r t*iifl) Ih. Ilf nitnigon Mppliinl fC»j«* rnkt*, in fiui, 
iH nnt .Htrintly niHupiimhlti with the twn wnirunM nf 

«itrii;ji*n, fur not i»«ly d«R« ir i;tiiitrilmto » niinMiili'inhlr untMinti 
of orjj'aiiiii nntftfn* to thn wnl, tliii« iin|iri»virig its «nil 

wutor ri'ffiiniiig power, hiit it ih hJ*m» n tnorr* Hlowly-iwiing 
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neither nitrate (tf wHia nor ainnu>niujn-wilts Ihiv** any 
roHiduc. 

In HeaseiiH of exeeptional growth, with a hig orop 5)j n 
of IhOO, it niiglit he expeefi'd that an the plan! was ntslisio,.' 
much mcmi thoroughly the Mjp|»ly of nitrogen, ihen tlo* ooall. r 
amountH on .hojiii^ of tin* j»lot,s, j»lentiful ejjoijgh he- an xrditiary 
year, might prove to he inHullieieitt. *1 h*'r»' is no indiiviiion, h«iw 
ever, of thi.s heing the eaae, hh may he hy a eonsid^'raiion of 
Table XLI. : the iiiereuse of crop on Plota 1. nn iving le* dung 
btit a cotuplete ininerai manure, et»iilinttea with ••arh application 
of nitrtjgen, hut not mt»re ao than in nortual seasons t tn ih*- 
dunged plotn, indeed, it ia not those reniviiig most nitrogen 
(idotft 1 and 2 AP), whieh give the liighest ir<»p. hni th«»se 


had been the jletermitiing faett>r« in jirmlin ing the ttwxiii 
crop. The whole results go to ahow ihiit, depmdent 
nitrogen m the tJiiingel erojj is. the first a{t|ilieittif»ti is 
most ttfiective, entdi sticeeeding addition of nilr<^en pro^lin 


into dark gWM'M or almost blue 






EKFiarr of excess of mthooen i»:i 

l'r<Hniier^ Mtf, mui to a '/hrufu, whuih in ahumlatit Jy 

on iht! mangitls on the? plotn rmnving an oxtioHM of nitrogen 

i)Ut. in not piH^HCiit <*l8evvheroin the field. 

Thus, towarda tlio »*n<l of October the plctta re(teivtrig the 
excess of nitrogtai pro.sent a very unhealt by apjasiranee : a 
large proportion of the plants seem scorched and witlms’ed as 
regards the outer leaves, an<l only show a cluster of small dark 
green active heaves at the heart. 

'Tint alnjve apptsirancs^s ar<» not tionfnnsl to th«5 plots 
receiving very large amounts of nitrogen ; it is rather a 
<pift8tion of th(! relativ<* exc(‘ss of nitriigen as eoinpar»sd with 
the fjuantity of available alkalies, especially of ptdash. 'rims 
the plants on Plot I AC are particularly bad, as they receive 
the maxinmm amount of activ«i nitrogen in addition lo tlm 
dung, wdiereas tln^ plants <»n Plot "I AC, which receive the 
same nitrogofi but also sulphate of pjjUish, ar«! ctuuparaiively 


phosphate, 111 the absence of alkaline salts, seems Ut inrtrease 
wither than dimintsli tlie 'injurious effocts, 

B. of Mliwrui Mummuf. 'flai eflect of the diftbrenl 

mineral constituents of a manure upon the mangel crop can Iw? 


arm w. I’lois o receive su|K;rpnospiiai.o omy ar im; rate 
302 lb, f»r acre, Plots « receive o(J0 Ui. j«r acre of siilpliatt 
of potash ill mldition to the 8ii|wirjilios|ihate, while *in Pbits 4 
the other alkalies which are taken iiii bv the iiliint are addiei 
} 





EXPKRLMENTS ri’ON hoot ruops 

-.Ht column in ouch f'roup n*j»rc>icnts tin* im-nn ‘ 1"' 

sV(‘n ywu’s oil Plot h, rwoiviny iio niirn'm! iiiiuius *’.** , ili* 
iliinui rcprcscntH tin* ri'o|) of Plot f>. ,Hn|n*r 

t, onlv: tlm thinl. that <»f Ploi «. wHh potaHh n 
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VALVE OF FOTA.SH 


{>ut Uttl<! i>f t!rc>p wlniii witli 

niii-iitJ’ of : tho incmiHO of <'r<»p ihio to MupnrphtiH 

|»hatj* OH SeritJH A. Ad arid O, wlioro ntiiriioHia or rap«! tmko in 
tho souroi* of in only I'2ton.H per juto, wJioroag tho 

av<;ra}i:o incT(?a.so it ohumoh whoro nitrnto of Koda in iwod 
atijoiitits to if‘I toijH por aoro, 'i'JnH luttor roxult (lomoimtratoH 
tiiat pho.'^phoric achl i.s iiocoMsary for thi* jirofwr dovolopinoul 
of the nmnofd plant, Imt tiiat in tho ahHoiu-o of alkaliiio naltH 
on the? arntiKsiiia and rape oako {ilots it onntiot oxoroiao any 
sonsililo inlhionoo. 

Tho ijjroat inoroano of crop ooiijoh an a ndt? whon potanh ia 
addl'd to ilio ,Hupi!rpho,Hpliato : tho orop on tho plofn rotaiiving 
ainmoninin-s.'tlt.H ri>‘o.H from 7’7 to J PP tortM |M‘r noro; with 
rnpo oako llio rino i.H from ltd to IMIJ ton.n por aoro ; with 
rapo oako and atinnoninin wtltn tin* iinTonso i.s from Kl'l to 
2'i’r> t<»n,s por aoro. Phiiy with niirato of soila as tho souroo ol 
nitroyon is tlioro no itioroaai* for ihn addition of potash, tho 
orop lioini; pmotioitlly tapial on th« two plots tl and h, with ainl 
without potash. Tho iioooHsity of potash for tlm nmiigol oro|> 
is still morn strikingly soon in tho siaisons of largo orop ; whom 
no polash is sitpplioil in tho inaniiro tho plant has to got as 
ntiioli as it can from tlio rosorvos of jsitash oiaitainod in tho 
soil, and. as it is dinimilt to aoooloralo this prewoss, tho crop on 
thoso plots cannot maki* noarly .suoh goisl «so of favoiimhlo 
oomiitioii.H for growth as tin* orops whioh have a largtt atnouiit 
of potash at com tnand. For cxaiiiplo, in llHMt tho addition of 
pot<wh to Hti|a»rpho«phato ant! nniitioniiint suits raisiid tho orop 
from 12 0 to ions jst aoro, and on tho plots n;ooiving rafst 
oako and rtnifnoiiiiini-mlts ilio riso was from 141) to .‘17 o tons 
|a*r aom. 





to oconomw^ the supply «»! uim im- « cp 

in<lir<“ct lnuiufit (•quivnli’iil to jui tu!»litioji of iho iHuro jji»i 
sabh; filcuijonts of iiutrilion. 

Tho groHt cnVc;! of potash, niui to n l-s^ ih*or-«* ».f tlo- 
alloilitu! salts, uptui tho iijauj;*'! orop is vi-ry strikiu;.'. .u»«l 
c(»m‘lat.f<l with flu* faut that tin- inaiig**! is « ssrn!j 
suoar-produoing plant, aiu! t hat lari’*' siippl!»‘s of |HiS.;r4) 
to ho osHontial to tho prfs'i’.sws in tho plant «hi« h result 
formation of sugar and similar rar}«»hydrat« s. 

Dotihtloss tho hing jM'iitid ovor whi«’li !h«* 
boon eoutimioil has intoiisiiifd tho •dhri. la-nuisr ih*- 
Plot r>, which has ri’fidvfii no |M»!ash for at h’ast f«»r!y 
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ntniaiiung tufin of MiiiaU h*uvi*H, which ahow no ot 

i'oniphiting tlicir gro%vth howtfvcr proiong»'(l tln^HCHHoit >nny l»c. 

C. (hmpnrlmn of A'lltuh' nf Smht, nnd AnmiiHihtnt ttg 
smirn-if of Nilrtitjen. It haa nlrcwly hccn poirhcil onf thal the 
pIotH of HcricH N cro.sa-dn^Kw^d with nitrate of Htula. give 
het ter cropH than the corrcHptnKling plotn of Serien A. which 
rc(!tav(‘ the Hanie amount of nitn^gcui in the form of ammonium 
sniphati* ami cijhtride. TIuk i.s particularly the cas<* on Flot.H 
r> ami 8, where no potanh m added, for the aoda of tJie nitrate 
of aoda HcemH to mipply the alkali needed hy tlie plant, or at 
any rate enahlcH it to utiline the rcHer^a-M contained in the 
aoil. The Kuperiority of nitrate of noda is, how<*ver, also very 
evidettt on the other phas receiving potash f»r tin* complete 
alkaline salts. Taking the mean of I'htts I, 2, 4, tl, am! 7, and 
tmm|Kiring Series N and A, the crop oldained with Htj jl*. ttf 
nitrogen in the form of nitrate <»f wida ex<Huels t he erop t>f the 
coiTesjamding filot.s in the ratio of 1(10 to Ht». On the 
ItothamKled soil nitrate of soda always gives rather a higher 
rettirn than ammcjniiim siiltH, hiit not <juite to the same extent 
with other c^rops tw with mangels ; tin* superiority of nitrate 
<»f soda is, however, not so marked as to snggi«t any speeifie 
alfitiity of mangels for nitrate of sodm lovers «if Sfditie matter 
iind of iiitmtes though lln?y are. 


mI. 
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it induces. If we compare the plots receiving potash, viz., 4, 
6, and 7, those which are cross-dressed with ammonium-salts 
are dead ripe and the leaves all yellowing off, when the corre- 
sponding nitrate of soda plots are still green and growing- 
vigorously. The droughts and heat of the summer and the 
autumnal fall of temperature all have a greater effect on the 
more shallow-rooted mangels grown with ammonium-salts, 
and bring their growth to an earlier conclusion ; the pro- 
longed growth with the nitrate of soda helps also to explain 
the greater weight of produce on these plots. If, however, 
we compare the appearances presented by the mangels grown 
with nitrate of soda and with ammonium-salts on Plots 5 and 
8, where the manure contains no potash, the nitrate of soda 
plants are far healthier and more mature. In this case the 
nitrate of soda seems to be also able to do some of the work of 
the potash, both by enabling the plant with its extended root- 
range to draw more freely upon reserves of potash in the soil 
and subsoil, and also by the soda acting itself as a potash 
substitute, or perhaps more correctly, as a potash economiser. 
Here, with no potash supplied, the superiority of the plots 
receiving nitrate of soda over the corresponding plots with 
ammonium-salts has been a progressive one, increasing from 
year to year ; while the relative effect of nitrate of soda and 
ammonium-salts when potash is also supplied in the manure 
is constant, or only varies with the character of the seasons. 

D. of Nitrogenous and Mineral Manures when used in 

Conjunction with Dung. It has already been indicated that the 
crops on plots receiving dung are on the average much bettei- 
than those grovm with artificial manures only. To a large 
extent this is due to the improvement in the texture and water- 
retaining capacity of the soil which has been effected by the 
repeated application of farmyard manure. The seed always 
germinates better on these plots and grows away at an earlier 
date, so that in some years of great heat and drought, like 
1895 and 1901, a crop is obtained on the dunged plots when 
the plant fails almost entirely on the plots receiving no organic 
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Even when the plant does not entirely fail it has 
** often noticed that, if a spell of hot weather comes in the 
- ^ 1 >ixi*t of the season, the plant on the dunged plots will he 
►wijjg vigorously when that on the other plots is still 
for existence. Later on, when all the plant is 
*tl>l the differences are not so marked, and in favom’able 

tile crop on the plots manured with artificials rivals 
grown with dung, if due allowance be made for the 
ount of nitrogen actually supplied to the dunged plots. 
1 lacs right-hand portion of the diagram Fig. 14, page 101 , 
nvH tlie effect of the successive additions of other nitrogenous 
imi'ew to dung. 

< ;€>iif. 5 ici 0 j;.ing first the crops on Plot 1 , in each series (see 
Lie X.L., page 98), we find that notwithstanding the large 
omit of nitrogen which the dung supplies, and its accumula- 
II ill tlie soil, yet dressings of quickly-acting nitrogenous 
iitircisj "will still bring about an increase of crop. The 
loittit of nitrogen annually supplied to Plot 1-0 is much 
than is removed by the crop, hence there must be a 
iHW Icra^hle accumulation of nitrogen from year to year in the 
I of tills plot. Nevertheless, these reserves cannot become 
ivc% <£U.ickly enough for the needs of so rapidly growing a 
lilt *t,H tlie mangel, hence the increase which is seen when a 
«,cid.ition of active nitrogen in the shape of ammonium- 
t,« c it* of nitrate of soda is made. 

more than 86 lb. per acre of nitrogen is added, as on 
1 O, which receives 98 lb. of nitrogen as rape cake, or 
oil Hr* lot 1 AC, which receives 184 lb. of nitrogen as rape 
«i« smci ammonium- salts, no further increase of crop is seen, 
« avoir-age remains stationary at 24 tons per acre. The crop 
% iin fact, attained its maximum, and is limited, not by the 
if»utit of nitrogen and other plant food available, but by its 
si riotod period of growth, or by a scarcity of water, sunlight, 
ti til or* factors of development. 

ftirriLing to a comparison of Plots 1 and 2, some interesting 
utlt» ai’e to be seen; both reeeive a similar dressing of 
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half of tilt* (liagrain rofcrM to tho hocoik! ptn’iod, lMp"» Hii02, 
wlHjti potasii was being used on Plot 2. 

The tlottttd eoliminH in tiio diagram ritfiresent f in* ertipH on 
I’lotH 1, where no min«n*al inaimresare used witJi tlietlung ; fin* 
cross iintchetl columns rtt|irtssenfc Plots 2, to whicJi in tint first 
period supf*rphoHphatt‘ was athled ; the black eohunits the 
Hjime Plots 2 in tlio setsind ptsritid, wlien {lotasli was also lieing 
cinployetl, Kacii of the |jairs of coUnmiH rt*presentH a differetit 
1 1 i trogem ms cross-dressi n g. 

From tlie lefl-haml half it is evithait tliat, supttrphospliate 
when nsetl with dung has j>ro<iue«;d no effttet upon tlm erop 
tluring the ninettten yttars of the first period. With no tither 
nitrtigciums manures, or when nitrate of sotla is nstsl as a 
ertiss- dressing, fhertt is a small increase from the use of super 
phosphate, but it .miems tti canstt evtai a falling-olf when addial 
to ammonium -salts or rape cake and thing. 

Turning now tt> tin; effect of Hiilphato of potash whtm addtsl 
to thing, as represcntetl by the right-hand iliagram in l'’ig. Itl, 
we find that the laitaih prothieos a very marked efiitct. During 
this last janatsl the crop.s on IMtits 2, recsoiving jiotaah anti 
phosphates, have iMien iimeh superior to those on Pk>t« 1, 
reeeiviiig dung ahme ; nithough in the earlier period, wlioii 
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"been applied continuously for a long time, the application of 
potash will still result in an increase of crop. The appearance 
of the crop is even more indicative of the value of the potash 
di’essing ; where it has been applied the crop is altogether 
healthier and riper, especially where the excessive dressings of 
nitrogen have been used. 

E. Proportion of Root to Leaf. At the time the crop is 
lifted the leaves are weighed, then they are spread upon the 
land to be ploughed in again. 

The amount of leaf grown is almost wholly dependent upon 
the supply of nitrogen, and variations in the mineral manures 
have but little effect. When the growth is normal, the weight 
of leaf is about 20 per cent, of that of the root, and the more 
the alkaline salts, potash, soda, and magnesia, are added in the 
manure, the more thorough is the maturation of the crop and 
the lower does the proportion of leaf become. The highest 
proportion of leaf to root is shown on those plots which receive 
a comparative over-supply of nitrogen, but no alkaline salts, 
potash, soda, or magnesia, to restore the balance of the 
constituents of the manure. 

In good seasons when the crop of roots is large, the amount 
^*-of leaf shows little corresponding increase, hardly more than 
would be accounted for by the comparative absence of blanks 
and missed plant which characterises a good season. 

It is evident that when once the plant has developed a 
sufficiency of leaf, the difference between a good and a bad 
season depends upon the rapidity with which the leaves can do 
their work of carbon assimilation from the atmosphere, for all 
the products of that action are at once passed on to the root 
and stored there, in the case of the mangel chiefly in the form 
of sugar. A good season with a heavy yield of roots does not 
involve any greater luxuriance of leaf than usual, just as, in a 
similar manner, plots which grow a small crop of roots because 
of the absence of alkaline salts may yet possess a normal 
development of leaf 

F. Proportion of the Nitrogen recomred in Crop to that 
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supplied in Manure. In view of the large amounts of nitrogen 
applied in the manures, it is important to consider what 
proportion of each of the different nitrogenous compounds 
is recovered in the crop. 

If the soil has suffered no loss of nitrogen, then the whole 
of the nitrogen removed in the crop must have been derived 


Table XLII. — Mangel Wv/rzel. Relation between the Nitrogen recovered, 
in Crop and that supplied in Manure. 


Series. 

Cross-Dressings. 

Average Produce 
per acre of Root.'?. 

Per cent, in 

Fresli Roots. 

Per acre per 
annum in Roots. ^ 

c+ 

Supplied in ® 

Manure per P 

acre per annum. 

Recovered in 

Roots for 100 in 

Manure. 

Plots 4. — Superphosphate, Sulphates of Potash and Magnesia, and Common Salt. 



Tons. 

Per cent. 

Lb. 

Lb. 

Per cent. 

N 

Nitrate of Soda, 650 lb. =86 lb. N. 

17-95* 

0-164* 

67-2 

86 

78*1 

A 

Ammonium-salts, 400 lb. =86 lb. N. 

15-12* 

0-145* 

49-3 

86 

57-3 

AC 

Rape Cake, 2000 lb. = 98 lb. N. and Am- 







monium-salts, 400 lb. =86 lb. N. 

24-91+ 

0-184+ 

103-0 

184 

56-0 

C 

Rape Cake, 2000 lb. = 98 Ib. N. . 

20-95+ 

0-148+ 

69-4 

98 

70-9 

Plots 1. — Farmyard Dung, 14 tons. 

0 

None 

17-44 

0-162J 

63-3 

200 

31*6 

N 

Nitrate of Soda, 650 lb. =86 lb. N. 

24-74 

0*209t 

115-8 

286 

40-5 

A 

Ammonium-salts, 400 lb. =86 lb. N. 

21-73 

0-2l7t 

105-6 

286 

36-9 

AC 

Rape Cake, 2000 lb. = 98 lb. N. and Am- 







monium-salts, 400 lb. =86 lb. N. 

24*05 

0*241T- 

129-8 

384 

33-8 

C 

Rape Cake, 2000 lb. = 98 lb. N. . 

23*96 

0-207+ 

111-1 

298 

37-3 


* Average for 21 years, omitting 1876-7, 1885, 1896, 1901-2. 
t Average for 22 years, omitl^ing 1876-7, 1885, 1901-2. 

X Percentage calculated from 9 years, 1878-82, 1897-1900. 


from the manxme, and on that assumption the percentages given 
in the following table are calculated. ^ In calculating the 
amount of nitrogen recovered each year no account has been 
taken of the leaves, because they are returned to the soil and 
their nitrogen is not removed from the land ; if both leaf and 
root were taken into account the recovery of nitrogen for any 
single year would be very much greater; indeed in some 

seasons when a big crop is grown more nitrogen is removed in 

H 


I 




114 EXPKIJIMHNTS TPoX 1J( h iT r!.‘« (l’,' 

the roots alone than wa> supjili'-i in fin- f-aan *.! luanur. . 
Table XI/II. slunvs till' nitroLri'U iu.'i i' fo'*', ■ ■! fj' ju 

Plots 4, wlnmj tliere was a full stijijilv <4' niin'-ni! inainif s. :»n«l 
from Plots I, when' liuiisi Has nsni with ii!tr<t,;» n<iU‘< 

The results show that both tin* nitrate *4 smla ate! th" r.tje< 
rake are viirv efrectivi' manures, about thi'-e .jiiar!«-3 - <4 tie- 
nitrogen they snpjily caeh year bejn-^ r<rii\eie.i ji, tl i- r..<,| , 
reinoveti from tint lainl ; the aiiimonimn salts, ami ajinuoibum 
salts mixed with rajte eake ar*- less efleetiie, the im e».v< ra l<eiiij.; 
lattween 50 and 00 jier fent. of that ;i|ijjlii «! tin the |»|oih 
receiving dung, the |»roj)ortton of nitrogen rero\ered at 
bucotnes very much less, sinkitig to about one ildrd <4 ilwi 
supjdied in the mannrn. It is known fhaf tliere is a very large 
.’iccunmlation c>f nitrogen in the soil of thi s'- rotitinu«*us!y 
dungeil plots, though imt .suirieieijt to mak** up all tie- dirt'ereure 
lietween the nitrogen supplied and that removed in the i rop, 
Of the nitrogen iinaceimnleil for, soiue has breii wiijitied aa 
nitrato into tins subsoil, and sunn* liberated aa niirogen gas by 
fhts iigcntsy of bnr-ttsrial eliaiiges. 

'rims, when dung and nil rafts are use»l, J 1.5 s jb uf nitrogen 
is rectjvercd in the erttp as eoin|«»re«l with igi 41 lb. re^etwrfed 
from the dung when nstsd aloms; if we thslnet the iltMl Ih,, «»♦ 
tine to the dung, from the JIo’M lb. w’e obtain hH 5 It#., wdikdi 
may ho toktsn m the rislurn from this iiitr#*ge« of the nil rate of 
soda whim it is uscil in eonjuiwAioti with dung. This 
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opinion that in ordinary fanning there is likely to be serious 
loss of nitrogen by “ denitrification ” * when nitrogenous manures 
and dung are used together. The soil is undoubtedly always 
suffering losses of nitrogen in the gaseous state through various 
bacterial changes which can be roughly grouped together 
under the term “ denitrification,” and these losses will increase 
the higher the condition of the land becomes and the more 
nitrogenoxrs bodies of an easily decomposable nature are 
present. But there is no evidence in the Bothamsted mangel 
experiments to support the view that specific and excessive 
loss will set in when dung and nitrate of soda, or other 
active nitrogenous manure, are used together. 

G. The Composition of the Mangel Crop as affected by 
Manuring. In many of the years during which the mangels 
have been grown, determinations have been made of the 
amount of sugar contained in the roots from the different 
plots, sugar being the chief constituent of the dry matter of 
the mangel and the main element in its value as food. Table 
XLIII. gives a summary of the results obtained in 1900 and 
1902, years when crops were obtained above the average both 
in regularity and magnitude. In the various columns are set 
out the average weight of the roots, the proportions of dry 
matter and of sugar, both the glucose or reducing sugar and 
the more important cane sugar, also the dry matter and sugar 
in pounds per acre on each plot. Other columns give the 
quotient of purity, by which is meant the percentage of cane 
sugar in the dry matter, and the glucose coefficient or the 
relation per cent, of the glucose to the cane sugar. 

It will be at once seen that the variations in the composi- 
tion of the roots are small compared with the variations in the 
yield from plot to plot ; the average weight of root varies 
from 0'7l to 3 '95 lb., but the proportion of dry matter only 
fluctuates between 15‘3 per cent, and 10’9 per cent. In the 
main the root grows as a whole from a very early stage, 
increasing in size but maintaining a fairly uniform composition. 

* See p. 219. ' - 
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■with rape cake as the source of nitrogen are less watery 
those grown with nitrate of soda, rape cake producing 
^ richest roots for their size. As regards its effect both on 
^ magnitude and composition of the crop, 200 lb. of nitrogen 
<3.ung are less effective than 86 lb. in nitrate of soda or 98 lb. 
r'ape cake, and have about the same value as 86 lb. of nitrogen 
ammonium-salts. 

It has already been noticed that the use of ammonium- 
Its promotes an earlier maturity than does nitrate of soda ; 
Gs is seen in the generally higher “quotient of purity” of the 
as compared with the “N” series. The glucose co- 
ir cient is correspondingly lower in the “A” series. Excess 
:* iritrogen has the same effect as the substitution of nitrate of 
>cla in lowering the quotient of purity and raising the glucose 
> efficient. For instance. Plot 2 N gives a quotient of purity 
55’5 as compared with 64‘9 and 62’2 on Plots 4 N and 6 N, 
Irich receive the same mineral manures but not the extra 
itrogen of the dung on Plot 2 N ; similarly, the glucose co- 
fHcient is 6'5 on Plot 2 N and only 3‘0 and 3'4 on 4 N and 
ISr, Again, all the plots on the AC series, receiving both 
n j>e cake and ammonium-salts, show worse results as regards 
rxrity than the corresponding plots on either the A or the C 
sries, which receive only one portion of the nitrogenous 
ifxnure on series AC. 

The dependence of sugar-formation upon potash is well 
een by comparing the weights of sugar per acre produced on 
*lots 4 or 6, receiving potash, with the corresponding weights 
'Oih Plot 5, without potash ; or by comparing Plots 2, where 
txng, nitrogenous manures, phosphates, and potash are applied, 
iritli Plots 1, which receive dung and nitrogenous manures only, 
ro this latter statement the nitrate Plots 1 and 2 afford an 
xception. As a rule, however, the percentage of sugar in the 
oot is little if at all increased by the use of potash ; the effect 
omes from the increased crop, and is apparent in the amount 
,£ sugar grown per acre. The. quotient of purity is, however, 
)€>tter on Plots 4 and 6, with potash, than on Plots 5, without 



potash; hut this cflhcl of poia^lt ni ualiirm- !!(<• np-unr.; ■•! 
thu niangc-l is not visihic in tho (Inni'''! plot-, 

Altlioup'h tlif atiaiysos which ha\'’ ho.-u juaho ot i lo* uitr * 
"■fiiious consliliicnts of manticis ai-'- not u-t uholly i ,.j i , 

c(!i'fiiiit results arc ajtparcnt. 

As regards the total nitrogen, tlc' pr.>p,ir!ion pr* c ut in 
the root reflects the .Mjpply of iiitro;." !! in tie- loanup-, and 
as the roofs oet larger ate! nioie wa!«r> with tie’ ti-e ,.f 
iiitratn of soila or tniy excess »♦! nit ro;.'e!t.H»., rnanure, so 
also (Iocs the j»roporti(*n of iiitro;.'« ii ri.>' in tie adi-fanco of 
the root. As to the forms in which fh«- tiitro;.;« n i- loinhiie'd 
this proporlhtu of iiilroocti tti tin' [tr(»t*'i«i condition, wheilier 
.Hohibln or in.solnhh*, is at its hiuh<'»t in tie* plai)t> whii h 
am nitroj.fen starved, and falls to it*t low«*>! point whe|i« 
nitrate of waht or any cxce.ss of oile r nifro;.»enMns niamno-s 
ai’fi usr*ii. 

Tilt? aniifh's are also at their hiuhe^t on the plots which 
.show- iimnalnriiy l>ecau.sc of the «w of larj^o- i}ii.intiiies of 
nitrogen, and e.speeiaily «»f nitrate of soda; «»« the l•«^ntr{»rv, 
the use of ptUasli at ouee diminishes the pro|n»rtion of 
amides. Tin? ijmitortion of nitmtes ia*eM<nt is less nfl«*r'iii'd 
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Practical Conclusions 

Looking at the results of the experiments at Eothamsted 
on the continuous growth of mangels with various manures 
for twenty-seven years, from the point of view of the practical 
farmer the following general conclusions can be drawn : — 

1. Mangels can he grown continuously on the same land 
without injuring the tilth of the land or the health of the crop. 

2. A liberal dressing of farmyard manure forms the best 
basis of the manure for mangels. 

3. The crop will further respond to considerable additions 
of active nitrogenous manures to the dung, particularly of 
nitrate of soda. 

4. A free supply of potash salts is essential to the proper 
development of the mangel, hence a specific potash manuring 
is desirable even when dung is used in large quantities, and 
on a strong soil initially rich in potash. When nitrogenous 
manures are used in addition to dung, the potash salts should 
be increased pro rata, in order to maintain the health and 
feeding value of the crop and to bring it to maturity. . 

5. Superphosphate or other phosphatic manure is hardly 
necessary with dung, and will give little appreciable return, 
especially when the crop is grown in rotation. 

6. Since soluble alkaline salts are beneficial to the mangel 
crop, either as direct foods or as economisers of potash, a 
dressing of salt should always be included among the manures 
for the mangel crop. 

11. — Experiments upon Turnips, Barn Field, 1843-70. 

The experiments upon turnips may be divided into four 
series, the two earlier dealing with Norfolk white turnips, the 
two later with Swedes. The chief difference between these 
two crops lies in the greater proportion of leaf and the more 
watery nature of the white turnip. 

It will not be necessary to give the results obtained in the 
first trial 1843-5, but the three later experiments were set out 
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on prai-ticnlly the saiMf liin-s a> havn l.i-iai juaiiitaii}-.i for ?||o 
inanjjinl crop t<»-‘lav, ainl an- >miiinari>.<'i| in TaM<' 

These ri‘sulfs sliow tin- j^mat <iMp>'ji>l«‘nf.- of !ln* tiu-uip flop 
upon the supply of a plntsphaiiV inannrf lih- Mip*Tpli-.-|*li.i?. , 
\v']iicr(‘Ji8 f lu‘n* scejiis hitf lifflf Uf'**! of any vnp|»|y of 

alkaline salts when turnips an* 

Iiotluuust(*tl. The crop was inerfaS!'«| hy e:u-h a<Mi?i‘»n of 
nitrogen, Imt the increase was not larg*'. aii»! ile- I'-.tl 

more than the root. ITitil the soil ha4 hfi ojof ilfpji !< .i «,f js*. 
availahle nitrogenous eontpouiiils hy r•p»^^tf»ity giowin;* thf 
cro|) witliout any npjiliealion of nitrogen. 'Uipfrjileophai*- alon«- 
without any nitrogenous tuanure gave rise to a roinjsinit jvfly 
gooil erop. The value of superphosphate as a uiannr<- foi 
Swedes and ttirnips of all kinds was found i** li*' in th*' 
extcndeil rootalevelopinent it iiidtn*ed, espsiidly wlnti tie* 
plant was yottng. It was from them* e\jM riments that 

ugricnltiirists first leant! how essential were pliospliiitir 
inaimrtis tt» fin* growth of turnips, atid the fa«l fhat llie 
tjuinurtt for fnrnijis shoithl eonxiM of stip rphospltate in llte 
main with hut little nitrogemm** manure, soon jmssed into 
the eommon stta’k t>r fitrining Untiwhslg^? Jittd is nni^ertwilly 
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Table XLIV . — Tuomips grown in Barn Field, Eothamsted. Produce 
of Eoots per acre per annum. 


Strip. 

Strip Manures. 

0. 

Cro 

N. 

ss-Dre 

A. 

usings. 

AC. 

C. 

6 

1 

Nitrate 
of Soda.* 

Ammonium- 

salts. 

Amm.-salts 

and 

Bape Cake. 

Rape Cake. 

Norfolk White Turnips, 4 seasons (1845-48). 



Lb. 

Lb. 

Lb. 

Lb. 

Lb. 


Nitrogen per acre in Cross-Dressings 



45 

135 

90 



Cwt. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

3 

Gypsum, 1845 ; afterwards Unmanured (av. 1846-47-48) 

24 


27 

no 

131 

4 

Superphos. each year ; Pot., Sod., and Mag., 1847-48 

161 


195 

205 

222 

5 

Superphosphate 

176 


198 

201 

218 


Superphos. each year ; and Potash in 1847-48 . 

160 


196 

207 

217 

Swedes, 4 seasons (1849-52).t 



Lb. 

Lb. 

Lb. 

Lb. 

Lb. 


Nitrogen per acre in Cross-Dressings 



43 

141 

98. 



Cwt. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

3 

No Standard Manure, 1846 and since 

46 


77 

140 

154 

4 

Superphos., Sulphates Pot and Mag., and Soda-ash 

157 

... 

189 

261 

247 

5 

Superphosphate 

149 


174 

224 

210 

n 

Superphosphate and Sulphate Potash 

136 


174 

248 

234 

Swedes, 5 years (1856-60).^ 



Lb. 

Lb. 

Lb. 

Lb. 

Lb. 


Nitrogen per acre in Cross-Dressings 


43 

43 

51 

98 



Cwt. 

Cwt. 

Cwt 

Cwt. 

Cwt. 

1 

14 tons Farmyard Dung 

145 

156 

190 

181 

127 

2 

Do. and Superphosphate . 

155 

152 

191 

171 

119 

3 

No Standard Manure, 1846 and since 

17 

24 

21 

30 

24 

4 

Complete Mineral Manure 

106 

124 

130 

134 

95 

5 

Superphosphate 

96 

123 

108 

119 

86 

6 

Superphosphate and Sulphate Potash 

82 

103 

129 

128 

91 

7 

Superphos., Sulph. Pot., and 364 ^h. Amm.-salts 

100 

116 

143 

152 

111 

8 

No Standard Manure, 1853 and since 

39 

48 

34 

46 

59 

Swedes, 10 years (1861-70). 



Lb. 

Lb. 

Lb. 

Lb. 

Lb. 


Nitrogen per acre in Cross-Dressings 


86 

86 

184 

98 



Cwt. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

1 

14 tons Farmyard Dung ...... 

143 

177 

194 

210 

202 

2 

Do. and Superphosphate . 

143 

183 

190 

210 

198 ’ 

3 

No Standard Manure, 1846 and since 

11 

21 

13 

89 

95 

4 

Supej^hos. only ; previously Complete Minerals 

62 

115 

100 

158 

134 

5 

Supanphosphate . . 

49 

103 

81 

138 

124 

6 

jDo. ; previously Sulph. Potash also 

45 

105 

88 

150 

126 

7 

Do.; previously Sulph. Pot, and 3641b. Ainm.-saltsal 80 

49 

104 

95 

156 

130 

8 

No Stendard Manure, 1853 and since 

22 

35 

23 

104 

93 


* In tttie 6 years (1866-60) the Nitrogen was applied as Nitric Acid mixed with sawdust, 
t No Cross-Dressings applied In 1861 or 1862. 

i Average produce of 8 years duly (1856-68), as tlie crops of 1869 and 1860 failed. 



..r !i 


EXi'ian.MKN’Ts nr« >N- i:* h >t f ‘K‘< m> 

rout <>f lli<’ tilth «i!i 

plots h(‘{‘iitii(’ so (iini(‘ul! to o^tahlish fliat a pin)' 

result(*il. 

I’k \ i. t’ovf i,« 

1. Th(t (’Xprriliit'lil.H show that pH> «ir. au-l whP. lonip . 
cannot In* ffi'own rcpi'alcflly on ih** s-anc' lucl, ■<r < »« !i »' 
infiTvals. 

2. The mamii'in;,' for Svvi'ih's lutisi l»"l!h« ral, .m t||. yi< l«l 

is much mon* <juii*k!y atlcctiil l»y |ioi>«ify «.) « %h.oi»t3>.ii >ti 
the soil than is the ease with the oiln-r rrop'* <»1 *h<‘ farm 

tj. AIfhoU}fji iui'Icr fav»iitr,’il»l" roinlitions Sw* *!'* *» ran ho 
p'rjtwii with luiilit'inl matmres only, vrt tie y ai*- so *I* |h n»lent 
on a gootl tilth ami on the retention of nioisiure in tie- snrfaee 
soil that the matmring shonl'l hegin with an a|ijiliiii!ion of 
farmyard mnnur«‘. nnless tin* land is already in hii/h rondifion 
4. Sitsta^ Sweiles grow at a warm time tif the jear and 
recoivG much etiltivation of the soil, nitriJhalioii is arti%t' and 
the crop tloes not reijtiire a large anioiini of nitrogenniis 
manure. In the ahseiice of «lnng, al«»iii - ewt. j»* r a*T«* of 
«onu5 nitrogentms niftnnrt! like fish guano or rafs* dust, logeih* r 
with ! cwt. rH*r acre of it 
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Abundance,” five years; “Bruce,” one year; and “White 
Beauty of Hebron,” 1897-1901. The question was not as to 
the comparative merits of different varieties, but different 
sorts were selected on the supposition that in growing the crop 
year after year, a change was desirable, especially with a view 
to the avoidance or lessening of disease. The special object 
was to ascertain the manurial requirements of the crop and 
the comparative character and composition of the produce. 
Table XLV. gives the details of the manuring and the 
average produce for the whole period of twenty-six years. 


Table XLV. — Potatoes, average yield, ‘par acre over 26 yea'cs 
(1876-1901). 




Manures per acre per annum. 


Average Produce per acre. 

ii: 

S 

Plot. 

Farmyard 

Dung. 

Ammonium - 
salts. 

Nitrate 
of Soda. 

Sulphate 
of Potash. 

Sulphate 
of Soda. 

Sulphate 
of Magnesia. 

Super- 

phosphate. 

Good. 

SmaU. 

Diseased, 

Total. 

Per cent. Dis( 
iu Total. 


Tons. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

Per 

cent. 

1 








22-7 

3*8 

0*9 

27-4 

3*3 


(14)* 







47-5 

4*7 

2*6 

54*8 

4*7 

3 

14 






t 

82*6 

4*7 

7*8 

95*1 

8*2 

4 

14 


-t- 


... 


t 

87-4 

4*6 

10*2 

102*2 

10*0 

5 


40*0 



... 



27-9 

4*7 

1*4 

34*0 

4*1 

: 6 



55*0 





36*2 

4*3 

2*0 

42*5 

4*7 

7 


460 


300 

100 

16*0 

3*5 

93*5 

5*1 

7*1 

105*7 

6*7 

8 


... 

55*0 

300 

100 

100 

3*5 

96*4 

4*8 

7*5 

108-7 

6*9 

9 







3*5 

48*3 

4*2 

1*9 

54*4 

3*5 

10 

j 



300 

1*00 

100 

3*5 

52*3 

3*9 

2*0 

58*2 

3*4 


* Applied in the first 0 years only (1870-81). 
t 8*5 cwt. Supertdiosphate also in the first 7 years (1876-82). 
t 660 lb. Nitrate of f^oda also in the first 6 years (1876-81). 


The crop was grown continuously without manure, with 
various artificial manures, and also with farmyard manure, both 
alone and with some artificial manures. There were ten 
differently manured plots, and under each of the ten conditions 
the crop more or less declined over the later compared with the 
earlier years. The average produce per acre of total tubers 
over the twenty- six years was-r— without manure, only 27 '4 
cwt. ; with ammonium- salts alone, 34 '0 cwt. ; with nitrate of 
soda alone, 42‘5 cwt. ; with superphosphate alone, 54'4 cwt. ; 
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with mixed mineral maimie. im'hidiii;^ jt.i!,tHh. .'»«> 2 rws. Tlm^, 
jmndy nifrep’tmus iiia!itii'e> yielded !e«.s than [mrely ndnetal 
manuns, iinla-atin^ that the putafn hnd^ a diSteuI?) in 
(tt»taiiiiii2 ash const it tteiii> rather than idtrou’en Ii'mih an 
imp<»verished soil. 

llV ,suj»erjiho.s|ihate of lime aloiie the |Hodiir>' Wa » rai*.. d 
from an averaiie of 27''l to oi l ewi, ; and hy a mixed mineral 
muimre contaiuim^ hesides si}{»erj»ho-.|th.i5'- >4 lime, salt** nf 
pota.sh, soiln, ainl maytjesia. !o a^ o ewt. ; that %< ry litih 

more (hail hy the .sujierphosphate alone. It is i i« ar that a»» 
rejj;ards the small erop.s in ipiestinn the land is sijll al4e to 
sup|ily Htillicient nvailahle potash \vli«n it has heroine 
coinpiiratively exhail.stcil of flm phosphorie <iei«l xiihiidi ran 
reach tin* crop. 

In Inference to this im rease of pr«Ni|u«“e id ji«»ta!«»ei* hy 
luincrnl nmnurcs nlonc, it may he ofinervcd fhal the result is 
(putt* consi.stenl with that ohiainn! with oilier root .crops 
liaving comjiaraf ively .shallow root developiijem ; ami in .stieh 
c!i.s{*.s the. source of the nitrogen js chiefly the store of it in the 
smface soil. The liemdicial efl’cci.s of ttiineral mamires, nml 
csjaadally of phoHjihatcs, are iiideml oliserved gi’tii riilly %%i!h 
all ci*op.s which are spring sorvii and liaxe tail a short |s ii«al 
of growl li, so that they jsiswss a conijamil ively stijs'rfiei.il 
root Hystcin, and are therefore forceil t« rely nnicli on the 
stores of fmsl in flic sinface soil only. 

It is renmrkaUle that there is tnitch less iiicrea.se of pr« since 
of jiotatoes hy nitrogenous manures alone Ilian hy iiiiiiemi 
rnamires idonc. Thus hy attitiionttitn- salts alone theri* is an 
average priMlmas of 34 cwt., or only Iwlween <1 and 7 cwt more 
tliaii wifiiout nianuw ; and with tiitmle of soda nioiie there is 
an average of only 4*iT» cwt. per acn*. 

With the mittcMl rnineml nmotini mid animoniiim iiiills 
together, the avomge prodtme of tot.«l tnlniM was IO&*f ewl.. 
and with the niixed tntneml nmnuro and nitrate of Mshi. l«« 7 
cwt. per acre. The b^t«nr renult fttan th® iiitinit® ^ noda is 
doubtbis due to Iti nltro^eti being maro avidlaWe 
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and more rapidly distributed within the soil, thus inducing a 
more extended development of feeding root. The average 
produce by the mineral and nitrogenous manures together, over 
twenty-six years of continuous growth, was very nearly that of 
the estimated average produce of Great Britain under ordinary 
cultivation, and much more than that of Ireland. 

The plots receiving farmyard manure, containing about 200 
lb. of nitrogen, gave less produce than the mixture of mineral 
manure and ammonium-salts or nitrate of soda, supplying only 
86 lb. of nitrogen. In fact, only a small proportion of the 
nitrogen of farmyard manm’e is I’apidly available, that due to 
undigested matter being more slowly available, and that in the 
litter remaining for a long time inactive. Farmyard manm^e 
is, however, often applied in very large quantities for potatoes, 
the process being to a great extent one of forcing, after which 
remains a great amount of unexhausted manure-residue within 
the soil. 

The characteristic effect of nitrogenous manures, provided 
there be a sufficient available supply of ash- constituents, and 
especially of potash, is to increase the amount of the non- 
nitrogenous substance — starch, in the tubers. Thus, the 
produce of starch per acre was about 650 lb. without manure, 
about 1350 lb. with purely mineral manure, and with nitro- 
genous and mineral manures together about 2500 lb., or rather 
more than 1 ton. In other words, the increased produce of 
starch by the use of mineral and nitrogenous manures together 
was more than f ton per acre. 

Since we know that a free supply of potash is essential to 
the production of any carbohydrate like starch, it might have 
been expected that a bigger crop and an increased production 
of starch would be obtained from Plot 10, receiving a complete 
mineral manure containing potash, than from Plot 9 which 
receives superphosphate only. There is, however, practically no 
difference in the yield from the two plots ; in the absence of 
nitrogen and the exhaustion of the soil of its available supplies 
of this constituent, the small crops grown could al’vyays obtain 



a Huilicient quantify uf jmtash I'rxiii lh«' a? 
from the fact, that wliih; tlif niunnnur>*«l ■ r..j. w 
21 lit. «if potash jM'i’ acri* pt-r uuiiiiij} fr<iru tin* *•0 
of .supj'i'pho.spljatc oil riot t* rai,"* »! ihi.H to iil 
I'lirtJii'r ailiiitioit of potash >al!s aijij othi-j- alKalii 
10 oiilv iiuToasotl till' aiiioiin! aiuiually v^ith'lr 
Cltjarlv till* .soil, whii'li is hiiown to ha\i- Im .-u 
sfoi’kfd with potash and also to fontain roiisi<i 
from potanh niaiiuriiiv's previous to this «'\p 
from its own rcsourn's supply amph' potash h 
munt.s of a crop avcraoiiio no more than 2 to "A 
Where, however, l»if' ero|i.s of poiatoi s an* i^r 
aid of dung and artifn’ial uiannri's, it js well 1 
a I lundant .supply of potash sidts is esseuijal In4 
and the. quality of the potatoes. 

It is %vell knowii that .season has inueh i«j 
ilevttlopinent of potato disease ; and flnu'e was 
nnieh iiiori* liisease in the «eft*i' seasons, J 
influeiit^e. of manure, the proportion of iliseas 
tho least where tliitm was no supply of nitrogi'n ; 
there was the least Inxiiriatiee, the most reslrirfi 
where the ri|WJning was early develojsni, t in tl 
with lihoral supply of nitrogen and hisnriaiil 
was the greatest pro|airtion of iliseased ttiher 
tins cwnlitions resnliing in a juke relatively 
geiious and mineral matters. 


PRACTWAt €«Nf‘l.t StO>'S 

1. Tho host latsis fwr llie gnmili cif potiituew is a ***PP^>‘ *** 
woll-rottod farmyard nutnure, 1 2 to IS iwns per acri?. lii tlw* 
abaeiico of farmymvl manttre it sltoukl la* repkiasl !ty some 
inanuto ooittaiDing nrgatiict nitrogen, r,#/., hy ft mi. |»r aisre of 
a good Foruvian piano, or ^ by a meat or fi»b maminf, or l»y 
to ewt, per aert^of shoddy. 

2. A Aw 8t]pi% of asbwnstituenta is essentia} to the 
ittocessfal gtowth of 441® pc4ato; 3 cwl. of siipftr|»liosptiaio 


>1 IrVlt HKI'.r 


vj: 

asi-l \ u> }’ » «t. i.r j»< r nm- 

ill llu* 4) lilt lifr*'!'- !!!»* AWfl JNi jilalifn'il. If kaiuif i * ii « 4 an a 

sosifri' Ilf i? >li*»i44 l'«* )trjMi4raii tuiiiM linjr t« t* i* 

!h<* i?i •'«»! ma4y fur 

.'i. lit fir artivi' iiifr»»s4«’n in |4i-m*ritlly ala! fi< <-4«-4. I « «! 

ttf riitriilc* nf ,**<j4ii a.*i a !•*}» tlr**.‘<?4iii}^ wlirn i!t«- liauliu i • ;*rn4’, in • 
or 1 e«t. Kllllihiifr i4 HliiHi'-liiH «ifli tli*- i.tlor iijanu!- 

jilaiiting tinn* will ln^ Hfitliriniit . 


IV. ExriHBfiNJ- -'N nn onouiit .u .sr,,y, |in i 
A. /•'o’,*'/ S<)'ir^, 1*^71 

riir I’Jt !i3a4*’ at li<»iliatliata'4 Hlth HU.'a! !i<« t %t « rr 

ro!iiJuriU‘<*4 ill 1 •'7 J airi >''i!i?i!iui*4 !•»!' fiv'' v ara in Hin r* nhoiu 
!o I‘’‘7.’i iorlijiivi’, ri»' % «>ii’ I 4 ll»r U Jiio}) 

!»a4 Itri'ji 4«’V»»?»-4 tm iIm* jjroivtli 

(Norfolk Wliita’H .’iii4 Sw«‘'4<’a| from ••• 

that ill thr tlirro y«’iir*i IhoM iV* t» 
iD.iiiur'' to lajtialisr iImj 
l*«»for*’ r»’ iirraiijfiiiji I horn ii 

I Hiring till* liritt thn*« 
amuigniiwnt of tin* |i1oIj« « 
fin? witnw m« during tliti 
tiiniipi ttn«l the 
•luring Iho l«,at turn yearn » 
other nltrugwiifui* timnir 
dt'tertnine the ©fleet*! of tli 
genoiw applicmtloii durhij 
d».‘wlf>tion of mignr-teet 
White Hileninii.” In IH71 
rows 28 incdies a|mrt., and 
rows : in 1872 and Biihseci' 
rowi 22 inchci ajiart, air 
plant* being inoiihh'd tip a — 
off and weighe*!; the leave,, 
respeetive plots, awl ploiigheil in 
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Talilc XL\’I. slitnvM, fnr Kflrc!»''{ plxi.**. ih" uiainu u* ?}i ’ 
avunigo {irothicr of roof nii'i "f tSa* |i« i > •ojliigk'i 

of nitrogen and of niirirral niaffor in tie- dr% of !|o' 

root«, and tin- average itereontaucH and aiuoim'! . ii.-r .lere •*! 
.HUgar in llie roofs. o\er iho throe _\e.tc> l*'7f 7d durto,’ 
which the farmyard maimre and flm eros-. 

dresHings wiTe unnnaUy applied. 
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It will l«i «wn that the tiltrogeimui «lre»*diigi», whitdi 
ssrare the suffie as tlioi© before ihi«I •»«j!)«e»jtie«tly' for 

fwding roo^ TOO? very heavy; imlwl, rmieh heavier tlwii i» 
i*et‘ogniHe«l aA*^!tRhlo In the eaw «f lawi growit fur I fur pro. 
iliiction of augif. Th# remit w«# that when iliw? were iiaeil 

4 


:\iANrfn\c; am* siajak cjonticm’ 


in adiiitiiin lu taruiyaril iniunirf, tin* |irnd»i<’** «»f rtw»l» 'ni»* 
wrt» l.ti;.'*', »» Husui* jihiiut t%vir« jwi unn li that nliljiiin'd 

in tin* |*i’uwih »»!' sn^ar iM-nt for ih** inunnfaft ur»’ of niii^ar in 
Ifi-rniait) or France at tin* |ircj<cjjt time. 

The tignrcH in tin* tahlc fi»r l*lot 1 .h!»ow, how<<viT, that 
when tarnivanl lunnurc W{n4 n.m-d tin* amoniit of ,H«i,*ar in tin- 
nevi'j* rcnchcti I*i per rent. ; hut it wan llie higheM, 
per rent, f«i I'lof I it. with the fariiiyaid mamin* alone, 
am! the HUiallest crop; it wan lowent, {I'.HI per «'enl. on l*!o! I 
AC. with the fariuvard rmuinre am! tin* heaviimt nitroyeinnw 
roi.mi tlresdns;. ntid the heavie.nt rroji, I he rootH of the »*tJier 
.HerieH. with interniediafe aunntntH of rrop, had al-^o inter 
ini'diate perri*nlaj»»*^ of .Hui.'ar namely, ItrpJ, and 

lOHl, FnrtInT. the erop ”rowit with tin! farmynrti manure 
alone, whiJ'h had tin* !ughej«t perreiitagt! of .HUj^ar in the root*, 
hml the nmitlhtKt amotint and |»ro|»ortioii of li'af. and the 
»fiia!h*nt fMJmenfagea of Iwoth iiitr«>geii iin»i inini*ral mattt‘r in 
tlio dry iiintli*r of the rotha; whilat tin* rrop yirfdinji the 
highest firodiim*, hut the h»we»t |H!rc«?nt»ge of sugar in the 
roots, had th« Inghest prt>poi1i«i!i aud amount of leaf (!» tons 
Itf nwt. jwr am*), ainl the htghi‘itt {wreentages of nitrf*gen 
and of mineral matter in tin? roots, eotnlitions imlhating 
immaturity. 

The results n»!xt iw-onled in the tahle (IMots I, ft, and •!) 
show the aiiioiiuts of roots and of sugar obtained with 
attilidal mineral manures, both when used idtiim and %viih 
the nit rogtf nous m»8«-<lressings. 

The hgurcis furtlior show that there was a gr«*atf*r pnahn’e 
in the vMm of tlireo otit of the four m»ssolressinj.*s wlu're 
potash was list’d tw* W'ell ns siitterpluispitiiti? ; hui that tin* omis 
sion of potash was tvithmit elTect wl»er«* nitrate was used as ihi* 
soiim* of nitrogen. 

The reHtih with potash is fully established in other ex|s»ri* 
iin nis; nann*ly. that a litieral supply of it lends to niafiirnll*»n, 
a condition favoumtile for the pnslitetmn of sugar. 

The {»*rrciifage of sugar in the rmits Is, with tiue l•x^^•plion, 
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considernhly hi^'licr wh« ir th<- luiiHTa! w. r«- u-,.-.! !haii 

whctrc! fiirnmird inaimn* wan %v!!. th< r ,,r witli 

the cross drcssiiij'H. With the mineral iimnnr*-'' u^. .! al.tij.-, 
ami less than <» Ions of roofs jtrodneeil. there «uh in «.!).• «a>e 
ratlier •»ver, niul in the other vitv nearly, 13 je r e« n! «<! MUj^»ar 


in the roots; ninl in sevi'ral other eases tin re was le arly. or 
over, 12 |ter cent. 

Th(! lowest percentage tff sugar comes wher- tie vejy 
exce.ssive erossalresHing of l^l H' of nilr»»ge}i w.'is employeii ; 
the nitnite. of hoiIh profhiei*s almost as Itad a result, ami in hotti 
eriHcs the sugar is lowest where potash is omiffeil ami >mly 
su|H'rph«iH|>!iaf I* is supplieil with the nitrogemms mannre I he 
hest results, as l«* proptnlioii of sugar, eorm* wher« raiw e.ike 
<»!' iittuimnintmstilts are useil as simrees of tu!r«»geji am! « h« ie 
potash is also suppli«'«l. The amount of iiifr«tg«*n atal of 
minertrl tnatter in the roiils was foumi to vary in il»r «iji|wisi«e 
sense, Iteing at the highest where the sugar was lowest, ami 


rif’f rr/vh 

It IS r|iiitt^ evident from these resitlis, that the amoittti of 
eroi» gr»»w« de|Mmi|s very largely ujmn the iimotmt of tiitrogen 
avtuhihlo within the soil ; hut llmt wdlli crops foit'*s| lM<yt»ri«l a 
certain imMlerate limit of pr»aliire, the pro|M>iiif>ti of haf is 
umtuly largiy the |«^rcentages of nitrogen and of nittteinl 
nmttrvr In the ro«»t are relatively high, nial ihf* jaTts iiiage of 
sugar is ohjecthamhly low ; all these e€inditi«»iis indieal iiig 
too much hixtirijint«« and defective iitaltirily iit fie* lime «»f 
taking tip llie crop. 


The conditions iindiir which the siigardaml was grt»wii in 
the first series were lai differtmt fianii ihow which jarevaii when 
the crop is grown for sugar-making that a mtoiid si*ries wa-» 
begun In ISftS, when much sntailcr amounts of nlnogen were 
cinploytsd and the plants were ip^wn more closely ti:^llier. 

The land was a poribn of the mangel fttdd which liail 
previously been reiving dung. It was sutaioileil and well 
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worked before tbe trials began, so that it was in good fai'ming 
condition. The seed (Vilmorin’s White Green- top Brabant) 
was sown in rows 17 inches apart, with 8 inches apart in the 
rows. 

The following Table (XLVII.) shows the average results 
for the foTir years 1898-1901. 


Table XLVII. — Sugar-Beet, Second Series. Average produce per acre, and 
Sugar per cent, and per acre in the Boots, 4 years (1898-1901). 



Plot 9-1. 

Basic Slag, 
400 lb., 
and 

Sulphate 
Potash, 
500 lb. 

Plot 9-2. 

As 9-1, 
and 

2 cwt. 
Sulphate 
Ammonia. 

Plot 9-3. 

As 9-1, 
and 

272 lb. 
Nitrate 
Soda. 

Roots per acre (as carted) 

. Tons 

12*8 

14*6 

14*0 

Leaf do. 

. Tons 

4*5 

5*9 

6*5 

“ Cleaned and Trimmed ” Roots per acre 

. Tons 

11*7 

13*3 

12*7 

Sugar per cent in ‘ ‘ Cleaned and Trimmed ” 

Roots per cent 

14T1 

13*53 

13*63 

Sugar per acre 

. Lb. I 

3693 

4099 

3938 


The results go to show that the land was initially in very 
good condition, for very little increase of root is produced by 
the use of the nitrogenous manures. Even in the fourth year 
of the experiment the plot receiving no nitrogen stiU grew 
nearly 13 tons of roots ; the nitrate produced no increase, and 
the sulphate of ammonia an increase of 1 ton only. As a 
nitrogenous manure sulphate of ammonia- was more eflPective 
than nitrate of soda ; this is never the case with mangels, but 
the sugar-beet, growing smaller and more closely planted roots 
than the mangels, does not search the ground so deeply, and 
derives more benefit from a manure like sulphate of ammonia, 
which is held up near the surface. The proportions of sugar 
obtained were not in any case high, and considering that no 
very large crops were grown the amount of sugar produced 
and the low quotient of purity were disappointing. Probably 
the land is too heavy and its situation too high and exposed 
for a good result to be expected, save in rather exceptional 
seasons. 
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CHAPTER YIII 


EXPERIMENTS UPON THE CONTINUOUS GROWTH OF LEGUMINOUS 

CROPS 

I. The Continuous Growth of Beans on the same land^ Geescroft Field. 

II. The Continuous Growth of Red Clover on ordinary Arable Land, Hoos 
Field. 

ni. The Continuous Growth of Clover on Rich Garden Soil. 

References. 


I. — The Continuous G-bowth of Beans on the same: ! and, 

Geescroft Field. 

From the outset of the Rothamsted Experiments repeated 
attempts have been made to grow leguminous crops year after 
year on the same land. The particular importance of these 
attempts comes from the special position occupied by the 
leguminous plants. It is well known that ordinary farming 
experience considers that the land requires a “rest” before the 
growth of any of these crops is repeated. Satisfactory crops 
of clover are rarely obtained except at intervals of four years, 
and on many soils even six or seven years must elapse- before 
the growth of clover can be renewed with any prospect of 
success.* Not only does land become “clover sick,” but the 
farmer considers it will equally become bean or pea “ sick ” ; 
even lucerne, though it stands without failui-e for five or six 
years or more, rarely succeeds when re-sown immediately after 
the removal of a previous crop of the same kind. The 
leguminous crops of course contain far greater amounts of 
nitrogen than any others, but it is now known that the greater 

part of this is obtained from the atmosphere, so 'that the 
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tins land lay ctanjilotfly fallow. 

The flilllenlty of obtaining a plant wliirb idiiuiiotoriwd tho 


ground, itiHtcad (»f hoing impfocrishod. i?* actually rurich.-.l by 
tlu* n*Hidu(-s left 1.cliind nbcr t!ic growth of .h,.ojo of ih.-.c 

In the ( tcc.^(;r^»f^ held, which no lirng- r under . xiH nno nt, 
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minerals am! nitrogen: fh*- nitrogen was applied at firsi as 
ainnionium-snlls, wliteh, heeanse of their inefleet jveness, wir** 
afterwanls re|jla<*ed by nitrati' «tf .soda, 

It will be apparent from the table that the mineral 
mannre.s eonfainitig pofasli were the most eftectiiie factor in 
pronic»ting th«^ growth of the henns, the addition of nitrogenmia 
mannro producing little or no increasi* in llie crop. Tin* crop 
shows a continual deterioration, hnt this is more ii!ipnr«*iit in 
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136 EXPERIMENTS UPON LEGUMINOUS CROPS 

Table XLVIII. — Continued. 


Years. 

Total Corn. 

Total Straw. 

Total Produce 
(Corn and Straw). 

i 

§ 

a 

0 

Mixed 

Mineral Manure 
(including Potash). 

Mixed 

Mineral D^Ianure 
and Nitrogen.* 

Unmanured, 

Mixed 

Mineral Manure 
(including Potash). 

Mixed 

Mineral Manure 
and Nitrogen.* 

Unmanured. 

Mixed 

Mineral Manure 
(including Potash). 

Mixed 

^lineral Manure 
and Nitrogen.* 

Average per acre per annum, over each period of 8 years, and the total period 

of 32 years. 

8 years (1847-1854) . 

8 years (1855-1862) . 

8 years (1863-1870) . 

8 years (1871-1878) . 

32 years (1847-1878) . 

Lb. 

120c5 

676 

150 

409 

610 

Lb. 

1573t 

960 

580 

713 

Lb. 

1763 

1013 

881 

749 

Lb, 

1216 

988 

456 

455 

Lb. 

1635t 

1506 

1042 

793 

1231.: 

Lb. 

1792 

1616 

1317 

897 

Lb. 

2421 

1664 

606 

864 

hh. 

3208 1 
2466 
1622 
1506 

Lb. 

3555 

2629 

2198 

1646 

2507 

937.t 

1102 

779 

1405 

1389 

2168: 

Average per acre per annum. 

over the years of crop only, each period. 


1st 8 years, 8 crops 

1205 

15738 

1763 

1216 

1635§ 

1792 

2421 

3208§ 

3555 

2nd 8 years, 7 crops 

773 

1097 

1158 

1129 

1721 

1847 

1902 

2818 

3005 

3rd 8 years, 7 crops 

171 

663 

1007 

521 

1191 

1506 

692 

1854 

2518 

4th 8 years, 4 crops 

819 

1426 

1499 

910 

1585 

1793 

1729 

3011 

3292 

82 years, 26 crops 

751 

1162 il 

1356 

9.1S 

1526 11 

1730 

1709 

2688 1! 

3080 


*6 yciara (1847-1851), 40 lb. Nitrogen as Ammonium-salts; 11 years (1802, 1804-1870, 1875, 1870, and 
1878) 86 lb. Nitrogen as Sodium Nitrate, 
t 7 years, excluding 1849. % 81 years, excluding 1849. 

% 7 crops, excluding 1849. || 25 crops, excluding 1849. 


sown in the barley. Prom the first the clover grew luxuriantly, 
and in 1884 and again in 1885 a large crop was obtained. 

The following Table (XLIX.) shows the yield of dry matter 
and the quantity of nitrogen it contained, taking an average of 
the three plots which had been differently manured during the 
times the beans occupied the ground. Analyses of the soil 
had also been made before and after the clover was sown, and 
from these it is seen that the soil, which was somewhat 
impoverished in nitrogen after the continuous growth of beans, 
gained a considerable amount of nitrogen during the years of 
clover, notwithstanding the large quantities removed in the 
clover. 

In this case the land showed no reluctance to grow clover. 


\ 
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nnothi?!* h^guHiinous crop, aftor it, luul la'ctmu* ** Hic*k 
tho long-continued growth of lumurt; thcn'e in taher fviihiifo. 
however, thatth*? grcnvth t»f (jim? legtimimniH <Toji n-iider.H tin* 
soil less fitted to carry another, even »>f a ditt’ereiif species. 


Taih.k XLIX 


ivH 


I ’ r«i|i |i#' r fii ‘ fr* C I >r)* .^1 ii t tr r | . 
Siln^grn iii iw'rr 

fji. 

f Ji. 

a I:. 7 


A, 

.1 -'I 

i^'^r mil, in S«rf»irr Sdl . 
Nlfr*t||iTi fw-r liiTr ili Siirfurr Sfiil . 


ff 


?r 1 
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Afler the reiuoA'al of tfie clover crop.H in tHHr> this portion 
of the liehl whs fenced tjlftij exclude c,ii.ltle, and has been leO 
uncultivated ever aitice. A luxuriant, growth of grasses and 
other vegtstalioii soon esfiddislnal itself, which iiiav he profit 
ahly eoinjsirisd with the similar natural vegetafioji that has 
cstaldished itsedf after the wheat at fh(! top of liroaillfalk field 
(s»*e p. 41), In the suirtiner of 1(10*1 a portion of tin* herhagi* 
w’as cut on l»otli these porliotis of latal which ha»l l*een allowefl 
I to run wih! aftJT wheat lunl legumitnais plarUs ri spoetivelv ; 

' thes»‘ w«‘re sampled as usual atnl a full Itotauieal a.iiaty,*.is (nadi% 
i the results of which are H«<t out in rahle I,, Farlv iti 1(HJ4 

■i * 

t soil samples were also ohtained from three plaee», in em-h 
fiehl, and determinations *fr earltoii and nitrogen hav>’ hei-n 
made to eoinjMire with those made at the higinning of the 
experiments, sous to astjertuin the necttmuhition of fertility hy 

I I the laml left under “prairie” conditions for twenty years. 

I I It will hi? observed that the Icgtimirmtts plants liave ja v* r 
I Iheeit ahle to «ditnin a footing in the (Icescroft held after clover 
> 'and licaiis, a!t!i<»ugh in the similar wilderness following wheat 
5 in the Br««idl«ilk field, Lttthtfrm constitutes a considerahle 
* -profmrtion of tlm herhagi?. The conclusion seems tie vttjihh* 

that the prelimntfirv' long-continued grimth of leguminous 
|»lant« (ht*fins and chivi r) has in some way until teil tli ?' Hotl f<«r 
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Table L . — Botanical Composition of Self -sown Herbage from an uncultivated 
portion of land in Broadhalh and Geescroft Fields, Season 1903. Numher 
of Species and Percentage by weight of each Species in the Herbage, 



Broadbalk. 

Geescroft. 


Gramineous Herbage. 

NumVx'v of Species. 

11 

10 


Botanical Namcn : — 

1. Phleum po'atense . 

2. Agrostis alba . 

3. Aira empitosa 

4. Avena elalior 

5. Daotylis glomerata . 

6. Lolium perenne 

Other Species amounting to 

Total 

Per cent. 
4-89 
11*02 

3*50 

36-12 

3-22 

1-89 

Per cent. 
0-08 
0-20 
86-19 
2*34 
4*53 

0- 05 

1- 87 

Ordinary English Names 

1. Meadow Cat’s Tail. 

2. Marsh Bent Grass. 

3. Tufted Hair-grass. 

4. False Oat. 

5. Cock’s Foot. 

6. Perennial Rye. 

69-64 

95-26 

Leguminous Herbage. 

Numku* of Species. 

5 

2 


1. Trifolium repens 

2. TrtfoUum pratense . 

3. Lathyrics pratensis . 

4. Vida septum . 

5. Medicago lupulmia . 

Total 

3-08 

0-65 

18-36 

0*40 

2-92 

0-06 

0*38 

1. White or Dutch Clover. 

2. Common Red Clover. 

3. Meadow Vetchling. 

4. Bush Vetch. 

5. Black Medick or Nonsuch. 

25-81 

0*43 

Miscellaneous Herbage. 

Numlier of Species. 

24 

14 


1. Heracleum sphondyimm . 

2. Scahiosa arvensis . 

3. Cmtaurm nigra 

4. Oardmes arvensis . 

5. Plantago lanoeolata 

6. Pamex ohtusifolius , 

Other Spedes amounting to 

Total 

4-28 

2-87 

1- 05 
0-81 

2- 46 

3- 68 

1-71 

0-80 

0-26 

0- 94 

1- 10 

1. Cow Parsnip or Hogweed. 

2. Field Scabious. 

3. Black Knapweed. 

4. Creeping Plume Thistle. 

5. Ribwort Plantain. 

6. Broad-leaved Sorrel Dock. 

15-06 

4*31 

Summary. 

Total Number of Species. 

40 

26 


Total Gramineae 
,, Leguminosae . 

„ Miseellaneae 

69-64 

25-31 

15-05 

95-26 

0-43 

4-81 


Total . 

100-00 

100-00 



ACCUMULATION OF FERTILITY 


13& 


carrying other leguminous plants, or at least has so reduced 
their vigour that they are unable to resist the competition 
of the grasses in a natural herbage. 


Table LL — Accumulation of Carlon and Nitnogen in Soil of Arable 
Land, allowed to rwi wild for over 20 years. 



Per cent, in Fine Dry Soil. 

Carbon. 

Nitrogen. 

1881-83.^^ 

1904. 

1881-83. 

1904. 

Broadbalk, 1st 9 inches . 

1*143 

1*233 

0*1082 

0*1450 

Do. 2nd do. 

0*624 

0*703 

0-0701 

0*0955 

Do. 3rd do. 

0*461 

0-551 

0*0581 

0*0839 

Geescroft, 1st 9 inches . 

1*111 

1-494 

0*1081 

0*1310 

Do. 2nd do. 

! 0*600 

0-627 

0*0739 

0*0829 

Do. 3rd do. 

0*447 

0-435 

0*0597 

0*0652 


* Broadbalk, 1881 ; Geescrofb, 1883. 

Note . — In November 1885 (that is, after the land had grown Barley and Clover in 1883, 
and Clover in 1884 and 1886), samples were taken of the first 9 inches of soil from the 
same portion of the field as in 1883 (Plots 1-10), and gave a mean of *1152 per cent, of 
Nitrogen. 


The most noteworthy fact is the enormous accumulation of 
nitrogen : during the twenty-year period the Broadbalk wilder- 
ness would appear to have gained nearly 98 lb., and Geescroft 
a little more than 44 lb. of nitrogen per acre per annum. The 
gain in carbon is less pronounced, although the amount accumu- 
lated is greater than that of nitrogen, yet the ratio of carbon 
to nitrogen in the increase is very much lower than the ratio 
in ordinary vegetable matter or in the original organic matter 
of the soil. 

‘ Owing, however, to changes in the consolidation of the 
ground it is difficult to secure an exact comparison of the 
same layer of soil at the two periods, i.e., the surface nine 
inches after the land has been in grass for some time will contain 
a certain amount of recent turf, and less of the poor subsoil than 
the original sample from arable land. For these reasons it is 
necessary to reduce the estimate made of the annual gain of 
nitrogen, but however large an allowance be made on this 
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score, it i.s still difliculf to acci.iinl frtr flic ma-iiitn.lc ..f tic* 
accnnmlatioii, csjiccially fOr (Jccsf-ndt, when-, as she !..,Mni. al 
nnnlysis shows, t here arc no Icpuninoiis [.laiif s. 

The other sources of nitrogen which juay he juvokc*!, such 
ns the rain, (Inst, and ahsorption from the atiiio-jihcrc. would 
eiiunlly aneet the arahle land. yet. as the warioiis mimannrcd 
plots on the wheat. Iiarley. and rotation fields show, there is 
no evidence of a correspotidini,' tdl!o}.'« n on tie- arahle 

hunl. 

The only exjilanatioji that seems at all pi'ethahle depends 
«m th(‘ intervention ttf the haeteriimi I retf<4(a'lei' cA #•.««•*»>?# a# 

; (lieyerinek), whieh poss!‘ssc,s the power «d fixinn atneis|iherii' 
nitrof^en without any hc»st jdani. and w hich has heeu found in 
all tlie Kothaiiisted soils, <tn the arahle .soils this li.ai tia'inni 
i would not he aide to eHecI niueli fixation hecause of the lari* 

I of reetnif orpinie matter, hy the roinhiistiori of wliiih the 
inatessary enerfty for hriiigiriH ttm nitro},jen into romhifiaiiou 

could ho ohtaitied. On the wild j*rass lainl. however, I here is 

every year ati accuinnlation of vi’t'ctahlc maitcT wliirh xvouhl 
supply the hiutferiuin with its iiecdcd carholiydrale, auft in 
f GonHetjnetKa* eonsideraltle fixation is |«»ssii»h*. *i*he j»*r«*«hT 
I'ain on tins BriMwIhnlk land may l«* due to the preseiiee of 
leguminoiw plaiita in the herhn^e, or to the conijairative rieli 
ntsHs of tins Hoil in ealeiniu earhunati*. since the A r 
has betsti fotind to !»«• active only in soils confainina cali'intn 
<?iirhotnite. 

It wtmhl appear frotn the rhemiwil annlysei Ihnl the I ices 
croft field lias never been stthjwtetl tis the chalking oiasmtiotts 
prtsvitawly dtiscrihcil (p. iiH), aince the surface soil in Htdi 
contained only |asr cent, of enkfiiiin carlwiniite, ftlanit the 
Kanio fpitint.ity »» was found in tlio siul of the ndjoliiing im* 
cultivated common land, wherma the said «»f Broaillialk w ilder 
ness contained as much as 3*3 per cent. 

Mocluinitmi analysis shows the two soils are pmcticallv 
iiientical, Ute subsoil of Geesoroft Itcing Momcwlmt the lighter 
of the two, and the situMtlon of the two Helds Is gmsl 


» (i.ovKif 


Ml 


us reyuriis ilrninai^i*. 'Hu* conHtunt ui»{iir.s,H luul iiii 

\V(»rkrtltiHly of ( JooMiTofi jij»pi*itrH to ho «i»io to fh«* 

unflofcniluiftl elifiract»*i' <»f tin* t-lny dit«» to the iihsomu* of cliulli, 
in otljor wopIh, tko cntlliviilion of tin* tithor Ifof Inuiwti il fiolil*. 
hu.H hiH’ii rcinli*ri*«l |>oHHihli; hy tho inqwovonnnit in tin* fojtfun- 
of the H«»il cITet'lftl hy the htfgn ijtninlitlc.s of {‘hulk j»n! fot. 
prolwljly in the figlileonth wnttirv. Even at the pifsi itl time 
water will often Hliiiid on tin* .surfuee of tin* (iee.seroft knul. 
ainl tin; predoniinnnt growth of Aim nvitpittmt in ndtlit tonal 
evidence of the pc'r.siKtent weinenH tif the Hoil, n vvetiieHH w’hieh 
eainntt he neeounted for hy the nituntion, tin; nntiire of the 
>iih.soil, luji' the con.sf itntion <«f the sttrfaee soil, htif ordy hy its 
hud eoiiilition indm’ed hy the ahsenee of lime or tdnilk, 

II. I'in t'osri^iiots (fiiowni or Uko (h.oviat on oittnNAitN 
Ai'.Atii.i; Lanh, lloos Ftia.o. 

In the Ihion field, exjMJriinents upon the growth of legnini 
notw C’lNipH hegiiii in I84i» with red clovi'i*. Tin* following fnltle 
sliowg the rcHultH f<»r n jw-riod of twenty nine yenrs, dttring 
whicli clover wa» «own fiftet’ii tiinen hnt only proditemf n la'op 
in seven of the years. Even with the ntunv intermissions, 
when the iand grew wheat or barley <ir was left fallow, 
only the first ero{» of idl was a satisfaetorv one ; nor, as will 
he seen, liad either mineral or nitrogenous manures any eOect 
in keeping tin; lain] in a condition to grow elover snecess 
fully. 

in IHTh, the land on which these attempts to grow red 
elover had lieeii contiiiited since iHlti nns divided into a 
iimnher df .small plots, and sown with various leguminous 
plants. Various systems of mntmring were tried on eaeh 
.'•••rjeh «4 pl<4s, which carried the following legmuinouH 
planl.s hieerne, peas or hmns aUeriiately. Bokhara elover. 
hainfoiii, while elover, red clover, ami vetehes; the sann* plot 
being always r«''Seeded when necessary* with I In* wime h gnmi 
nous plant. The results are desedhed in dilail in tin* 
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Memoranda,” and Table LIU. shows typical results in the 
earlier and later years of the experiment. 

At first a fair growth of some of the plants was obtained 
on the land which had ceased to carry red clover, but in later 
years the growth of any but the powerfully-rooting lucerne and 
Bokhara clover became very poor, and repeated failui-es to 


Table LIU . — JSoos Field, Leguminous Experiments. Dry Matter in 
produce per acre per annum. Mean of Plots 4, 5, and 6. 



Lucerne. 

Peas 

or 

Beans. 

Bokhara 

Clover. 

Sainfoin. 

White 

Clover. 

Red 

Clover. i 

Tares. 


Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. : 

Lb. 

18V8 

Not sown 

Neither 

1,854 

... 

No cutting 

No cutting ! 

1,400 

1879 

No crop 

Peas nor 

4,498 

No crop 

2,275 

1,722 

1,742 

1880 

843 

Beans 

1,240 

No crop 

5 

270 

1,666 

1881 

809 

grown 

2,085 

780 

215 

716 ' 

2,501 

1882 

4,458 

till 1884. 

10,804 

5,450 

2,087 

615 ■ 

4,401 



{ 

Not 

Not 

: Not 

1 Not ' j 


1898 

626 

2,343 1 

sufficient 

sufficient 

sufficient 

sufficient • ■ 

■ 2,416'^ 



1 

crop to cut 

crop to cut 

crop to cut 

cT(^ to cut J 
No crop 

705 i 


1899 

4,799 

2,940 

7,143 

2,090 

No crop 

681 

1900 

4,014 

3,302 

Fallow 

1,611 

313 

697 

1901 

4,010 

957 

963 

758 

No crop 

No crop , 

382 

1902 

1,890 

No crop 

729- 

7,431 

No crop 

No crop 

No crop 

810 

1903 






* Plot 4 oBly. 


obtain a plant occurred on re-seeding. The land itself got 
very foul and in a poor mechanical condition j so that in 1898 
the greater part of the land under experiment was sown with 
wheat without manure, only a portion of each plot being 
retained for continuous experiment. 

Five successive crops of wheat were taken and harvested 
separately from each of the old plots, the combined result 
from the various plots which had previously carried the same 




leguminous plant being put together in the Table LIV. It 
will be seen that all the leguminous crops left a large residue 
containing nitrogen in the soil, so that the crop of wheat 
which followed was generally more than 40 bushels per acre 
with tons of straw. But this residue was rapidly exhausted ; 
the succeeding crop was very poor, and fell to a point from 




144 KXPKKI.MICNTS TPoN LHlIl'MINoI 

wliich it has lait litfh* siiai'. 'Hm* 

(‘Vfi-. left hfhitnl a iiiueli lary«TrtiMl itiun* fieinrite 
fhduuh tin- eriift on tlu- plots folhoviriL' Ino. rno h; 


llrrHHril Cfriilsi 
|i|’f iUTT, 


IPIHI 

vm:t 


|irf liirfr, 


T^m 


5^11 


iri*i 


.; T«liil IVmliPr 

(CtritliinfiilHlriiw'i 
|»rr iirrr, 


yeai* by year, in UMKf it wjih «tiU iinieli }jT**airr than i»n l!i»* 
otlier plotM. Per eontr^t, after the firxt yi'iir, ilie iroji mi fin* 
plots following or Iwanw Iwm always iM’on a lilt ft* bslm*’ 
that of tlio other plots. Of the other plots, the t'ro|Mi on tlowas 
following whitottini nsl clover have hemi a little Ijeller iliaii 
thoHc following mittfotii, IlokJiani clover, or veli4ics. 

Ill IWM the Ininl was sown with oafs ami ««a*ileil afrcsli 
with legiimifioiis plants in plots which mii at right angles to 
tin* dll plots, 

ni— T«k Contisuow 0IIOWTM or Ctovrii o>* ntm 
Oakokm SktiL. 

In ISM^ aJIiir It scnnwid clear that clowr won hi not cotthim? 
to glow on the amMc land. It was sown in a gawleii oi.l> .i t< v’. 





(!I/)VKK <JIIUWN IN (i.VJUM'lN M* 


hundrfil ynrtlH «li«tant from tin* ••x|»«*rtm«*»ifal fn'ld. ..n h.»i| 
which hsnlbccri MinliT (»iiljtinry kiU'lnii » i:nhiv.iiii.in !•.« 

prolmhly tw«j <»r thrc«* cciitiiric,**. In %it*%v nl tin* ffiihii' * m 
the atteinpt to j^row chivir ciHitintnHidv onlijiary amtd* 
Iniid, it in rejitHrknbh* llnU. under thene ciiinliliuu**. »h** *r«tj. 
h.'iH grown luxuriantly almost every year Hiuee |!HKt 1 m jug lie 
tiftieth .HcaHoii of th«* eontiiuion>i growth. At lie* eoniiin mu 
UH*nt till! percentage of nitrogen in the >«urraei' ?e4l of lie 
ganlen wuH four or live time., ,m high hh in that »»f lie* arabh 
soil of the field ; audit would douhthf*?* l»e rieleT in all olhei 
ntanuria! coii.‘>tituent!H nl^o, Indeeil, alter the growth of ejon-i 
for twentydive years in .Hueec'ision, even the «t«'eond h inehew of 
the garden I'lov'er soil was fdtuid to he '^till very nuieh richer 
in nitrogen than the firnt t» inches in the linos !i< hi, 'Inhle 
LV. given the resnltn for I'ael} of the fifty years of exj«*riinenf 
with clover on the ric’h garden soil, 'I'he seeoiid rohiinn 
.sliowH the niitnher of cntliiigH eaeh year, tin* tluii! ihr 
HinountH of {irodnee per iwri* reckoned in tin* eondition of 
dryness ns hay, the fourth the ninount of dry snhsfanee. and the 
last the estiinated amounts of nitrogen j«*r acre in the erops 
At the hottoin of tin* talile are given tin average annual resuh^ 
over the two jwriods of twenty five years eaeh, and ovi*r tin 
total period of fifty years, Is'el- Jpo;}. If shouhl la* stated that 
as till! garden I'lover jilot is only a fi*w yards sipwr* 
calculations of prr»1uce |«‘r acre c#m only give apjiroxiinaiion * 
to the truth ; hut it is l«*lieved that they can he thoioughh 
relied upon so far as their general indications are coiir emed 
(Jonfining our attention to the {iinountsof pnaluci* reckonetl 
a.s hay, and to the estiinated aimuints of nilrogeu in tin* produe*'. 
it is seen at a glau«* that, excepting a few is’casional year** of 
very high produce chiring the later jaiHods, the amount of crop 
is very lunch greater in the first twenty •five years than iti lh«' 
Hecoiid twenty five years. In fact, ns is wen at the foot of tie 
hihle, thc*re was an average animat pnahn til 7*PH II » i'll 

hay over the first half, hut of only Ih. over tie* liifier liiilt 
of the jKTiod of fifty yeiirs, 

M 
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X<iw «n’i'!i this InttcTiinujunt ct»imHjK»ncls to uluit !*«- 

a fair, though not a largo crop, \vht<n olovor ih grown 
in rt»tation onco only in four or right yoars or mor«* ; so that tho 
produce* in tlic earlier years on this rich garden seal was very 
einuKually Icavy. Indeed the avenigc annual proeiuea* eive-r tin- 
%vhole pericKl of fifty years nanudy, r>7h4 Ih., or more* tlian 2^ 
tons eif hay weadel lie a good yiehl for the* creep grown e»nly 
eeccaHionally in tins orelinarv cemrses of agrkmltiire*. 

But it is wlu'u we leeeek at the* figurees in the last ceelumn eif 
the? table*, which show* the? l•stim^lte?d ameeiints of nitreege*u i»i tie* 
creeps, that the* inijwu*tnnce am! significance <ef tlu’si* re<sitlts 
oletaine?e! on rich garelen stei! are? fnlly re*ceignise*el ; ami this is 
cspeecially the case whe‘n the*y are? ceunpnre'el with llniw* 
<ibtaim*el een ordinary amble? laml. 

Thus the* ameennt of nitreege*n in fair crops of wlmat, barb'y, 
orients, weenie! be dOTeO lb. pi‘r acre*, of be'uns abeeitt 100 lb,, eif 
meeadow hay abeetif f»0 lb,, and e»f chiver grown in rietntion, from 
100 tee loO lie. ; but on this ricli garelen seeil the? pfeednei? eel 
cheven* has in om? yi*ar cieiitaiiied more* than KM) lb. of nitrogen, 
anel the* ave*riigc rever the first te*n years wets *217 Ib. Tim 
a%*e*rage* eeveer the whole? perieeil of fifty years is I K) fb,, eir Jibeait 
ns much as a fair but m»t large? creep gi’owti «H’c*!isii»iialfy nmler 
the? ordinary ceemlitieens eef agritenhnre*. 
i Analysis eef the* .soil taken at intervals waadd s«?em to show 
1 a ceensidetralele? falling-olf in the amount of niSroge-n anel carbon 
i ceentaiimel in the? surface* soil, not siiflicie?nf howi?ve*r f»e accomit 
< feer all tin* nitreigen re?!nov(?iI by the cleever creep. 

It will he? ap|Mircnt freeni a conside;rat)on e»f the* e?rops 
reporte*e! feer the* later ye'ars of flic exfH'riinent that gremt elilli 
cnify is be*giiming tei be* e•X|a’r^ence?el in maintaining ei plant 
of clove*!* ; i’e-se*<*ding, which was eenly noccasary five tifn«?s in tin 
first twenty ye*ars, hael to be camcel eait nine* tiimes in the? last 
te*n y<*ars, eliiring whk*h time? also the. creep has wheelly failed tor 
tw'o y<*ars, and uhmesi wheelly for a thirel. 

During .binnary 1«07 the plots were tnixailatrefl with tie 
watery extrae*t of the* rich kitchctegarilen soil at Eoihamstinl 
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This (lid iH)t liuwfvcr am-st tin* fuihirc which u.c in j<r>>-i< >w, 
at that time. Again, in .March ami in duly I ■''a'.*, all th** 
plants were n‘iuuvc<I hy hand, hiinit, and their ada n iurncd. 
and the siirfacc .setii was canduliy pickcii mcr hy hatai, i>i 
ri‘iuov(! the Sclerutia of the fungus .SVA many 
(if which wen* futirni. The suil was alsu dre'‘'*ed wiili r.uhnu 
liisulphidc as a fungicide, hehire fresh seed wa^ sum ii In 
which was a favnurahle year fur the gruwih uf rluvi-r, a fair 


plant was (>htain«*d hy re .seeding, and in the spring u{ Han th** 
hest (a*op fur nniny year.s was cut fr«nu this plui Nofwiih 
.standing the re|)eate(i failures lu grew eluver euntiiujuusly un 
urdinaty nral»l(( Huii and the increasing dilficnlty uf nminfainirig 
a plant tui the rich garden nuil, wliieh is the uie* pl.'n e where any 
gnnvth ha.s heen euntintiuu.s. it is nufewmihy that wle-n eluver 
gruWK in a mixtal heritage un grass land it inereases in aniunnt 
fruni year tu year mider .siiitahle eunilitiuiis uf niainiring If has 
already heen pointed unt that un tin* grass pluti. in tin* |«irk. 
whnre mineral mantires tnelinling pulash are ajiplied eieiy year, 
as on Plots ir», ft ami 7. the pt’ujwirtiun of legniniiiutis phints. 
innhuling red clover. iiicrea«i*s from year to year, wiilumt flier«* 
Imiiig any sign of “clover sicknesa" setting jji. NUr ran this 
result hf* due to mnnuring only, for on the siu.'ill jdois in tin 
lloos flehl al! sorts of variatioii.H in the maiitirtiig were tried, 
wdthout cnahling tlie clover to slaial. t>« the grass jmtlis, 
how'ever, serMimting tliew' “clover sick" on Ilwis field 
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KXPKEIMKNTS I'EoN nilAHh hASU 11*11 ii..|V t\fll\ VI’ -III 


L Tlir rfiiiuifjtirrti 1*1*4% 

IL t..Hf Ilf Vliililirr% ulniir 

III. Mitirrul ,Vfiiij*irr-*i ti^ni »hmr- 

IV. CViitiijilrtr Vl^iiiirr^ ■ Nilmgrii .Jin*l 
V, Tlir Arikm rf ihunnir 

FfffiTi«i Ilf iJiiir. 

VII, Ifi flrr!ifi||r ("li^ngr^ iii 

VUI, *rhr K'tfrrl nf 

i*riirllriil #fp| llrfrrriirr»* 


Thk «x|w;Hiin*iif,H ii|H,u }»m»« Hf Iwj^iu, hi |h.H 

nlHnit 7 mrm uf tlii! j»irk fl«wi‘ Ut f Iw \mnu wt f»»r 
tho piir{H)«c'. Till! l«inl liiw bw*n in king «ii>* 

rijcimiwl hintnrj' of it fur I'l’iiUirii-^ «t IrHiit. It h 

not known tliiit himm! luw nv^r fwi'ii «i»wii, an^l nt tin* lii'ij'ttttiitiii 
ot tlu! oxpt*riiiiwitj4 thfi hnrliftgf! on nil f lip pioti 4 wn<* n|i|){iri*titlv 
uiiifoi'tii. Till* Koil III tlio naitiP dtllf rpiltltuli |{Nttit m i« fotitiil in 
tho other fiehH thowgli owing to lln* length of tiiiM* t in- kn*! 
has been in pww utonoH are not iihiinilant nwr tlie »«iirfae*‘. 

The pIot% of w'hich there aim twenty in all, viny* aoiiipwlint 
in »izo lietwoen ono-half am! one-eighth of an am*. !^|i to 
1«74 indiisive the gniaa wit« only cut ontm, this aftermath 
hoing fed off by aheep. Sin^ tlmt time then* haa lM*(?n no 
®'tnl the plola are generally cut twice in the year. The 
gmaa i» made into hay in the uanal way ami the whole pr*«|yir 
of each plot ia then weighed On aome cKJcaaiotiH, how»'%»*r, 
with the acoond crop, continuoiw wet weatlier hna ri iiih*rml 
it net^gaaiy to weigh the prodnee in a wet romlhlon and 
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calculate its equivalent in hay from the amount of dry matter 
in the material as vreighed. On most of the plots the 
manuring has been continued without change from the 
beginning of the experiments ; the cases in which a change 
has been made serve to show how rapidly the character of 
the herbage will respond to alterations in the manure. 

Table LYI. shows the amount and nature of the manures 


Table LVI . — Manuring of the Permanent Grass Plots per acre per annum, 

1856 and since. 




Nitrogenous 

Manures. 


Mineral Manures. 


Dlot. 

Abbreviated Description 
of Manures. 

Animonium- 

salts. 

Nitrate 
of Soda. 

Super- 

phosphate. 

Sulphate 
of Potash. 

Sulphate 
of Soda. 

Sulphate 
of Magnesia. 

Silicate 
of Soda. 



Lb. 

Lb. 

Cwt. 

Lb. 

Lb. 

Lb. 

Lb. 

3 

12 

1 Unmanured every year .... 








2 

Unmanured ; following Dung first 8 years . 








1 

Ammonium-salts alone ; with Dung also 
first 8 years 

200 







4-1 

Superphosphate of Lime .... 



3*5 


... 



8 

Mineral Manure without Potash . 



3*5 


250 

100 


7 

Complete Mineral Manure .... 



3*5 

500 

100 

100 


6 

As Plot 7 ; Ammonium-salts alone first 13 

years 

As riot 7 ; Nitrate Soda alone first 18 years 



3-5 

500 

100 

100 


15 



3*5 

500 

100 

100 


5 

Ammonium-salts alone (to 1897) . 

400 







17 

Nitrate of Soda alone 


275 






4-2 

Superphosphate and Ammonium-salts 
Mineral Manure (without Potash) and Am- 
monium-salts 

400 


3-5 





10 

400 


3*5 


250 

100 


9 

Complete Mineral Manure and Ammonium- 
salts . . . . 

400 


3-5 

500 

100 

100 


13 

As Plot 9, and Chaffed Wheat Straw also 
to 1897 

400 


3*5 

500 

100 

100 


11-1 

Complete Mineral Manure and Ammonium- 
salts 

600 


3*5 

500 

100 

100 


11-2 

As Plot 11-1, and Silicate of Soda 

600 

i 

3*5 

500 

100 

100 

400 

16 

Complete Mineral Manure and Nitrate Soda 


275 

3*5 

600 

100 

100 


14 

Complete Mineral Manure and Nitrate Soda 


550 

3-5 

500 

100 

100 



applied each year to the plots, and Table LVII. the average 
produce over the whole period, over the last ten years, and 
for the single year 1902. 



)2 EXPERIMENTS UPON GRASS LAND 

Table LVII . — Produce of Hay per acre. Average over the period of ^ years 
(1856-1902), the 10 years (1893-1902), and the individual year 1902. 
Rothamsted. Toted of first, and second crops {if any). 


Averages over 


Abbreviated Description 
of Manures. 


I Unmanured every year | 

Unmanured; following Farmyard Dung for first 

8 years 

Ammonium-salts alone ( = 43 lb. N,); with Farm- 
yard Dung for first 8 years .... 

Superphosphate of Lime 

Mineral Manure without Potash .... 
Complete Mineral Manure 

Complete Mineral Manure as Plot 7 ; following 
Ammonium-salts alone first 13 years 
Complete Mineral Manure as Plot 7 ; following 
titrate of Soda alone first 18 years . 

Ammonium-salts alone =86 lb. Nitrogen 
Nitrate of Soda alone =43 lb. Nitrogen . 

Superphosphate and Ammonium-salts = 86 lb. N. . 
Mineral Manure (without Potash), and Ammo- 
nium-salts =86 lb. N 

Complete Mineral Manure and Ammonium-salts 

= 861b. N 

As Plot 9, and Chaffed Wheat Straw also to 1897 

inclusive 

Complete Mineral Manure, and Ammonium-salts 

= 1291b. N 

As Plot 11-1, and Silicate of Soda .... 

Complete Mineral Manure and Nitrate Soda 

=48 lb. N 

Complete Mineral Manure and Nitrate Soda 
= 86 lb. N 


47 years 
(1850-1002). 

10 years 
(1893-1902). 

Season 

1902. 

Cwt. 

I Cwt. 

Cwt. 

21*9 

15*9 

11-4 

24-5 

18-5 

13-8 

21-r 

17*4 

12-4 

35 *41' 

24-9 

21-8 

23*3§ 

17-8 

19-0 

28*1 

21*6 

25-8 

38*8 

36-5 

63-6 

37 *4^ 

36-0 

52*5 

37-011 

40-8 

54*0 

(26-1)** 

... 


35 -Sir 

1 30-6 

26^ 

35 •5§ 

j 28-3 

27-1 

49*3 

; 38-1 

40*4 

54-1 

46-8 

55*5 

61-3 

50-8 

64-3 

65-5 

64-6 

86-3 

72*0 

68-0 

84*8 

48*011 

42-4 

46-8 

59*31[ 

53-4 

60*8 


* After the change. Before the change 42-9 cwt. 
t n 40'6 cwt. 

J „ „ 80-6 cwt. 

tl „ „ 85-4 cwt. 


^ 44 years only (1869-1902). 
F 46 years only (1868.1902). 
*■ 42 years (1866-1897). 


Table LVIII. shows the first crops only for four successive 
ten-year periods, and one eight-year period, 1856-1903. 

In dealing, however, with the produce of grass land, which is 
a mixed herbage consisting of many different species of grasses, 
leguminous plants, and other orders, it is not sufficient to 
consider only the gross weight of produce. The various 
species are differently stimulated by particxilar manures ; even 
among the grasses themselves, such a difference of habit as a 
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deep or shallow root system will determine to which manure 
tlie grass will respond. The aspect of any meadow represents 
the results of severe competition among the various species 


Table LVIII. — Average produce of Hay per acre over the four s^lcccssivc 
10-year periods, and the subsequent 8 years, from 1856 - 1903 . 
Jtothamsted. First crops only. 




Averages over 

Plot. 

Abbreviated Description 
of Manuring. 

Sco 

CD >-;< 

S ^ 

oS OO 

Oi rH 

Sco 

© 

CS CO 

03 —t 

if 




si 

sg 

O 


“1 



Cwt. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

3 

12 

j- Unmanured every year . . . . j 

22*6 

2.6-1 

20-0 

22-9 

17- 5 

18- 0 

16-8 

17-1 

11-7 

14-2 

1 

Ammonium-salts alone ; with Dung also first 







8 years 

48-4 

37-8 

30-1 

23-8 

19-2 

4-1 

Superphosphate of Lime alone 

24 •4t 

21*3 

19-1 

16-5 

15-2 

8 

Mineral Manure without Potash . 

33-6 

26-6 

21-8 

16-5 

18-6 

7 

Complete Mineral Manure .... 

33-9 

36-8 

32-3 

27-1 

31-9 

17 

Nitrate of Soda alone =43 lb. N. . 

34 -St 

33-5 

30-1 

27-0 

26*8 

4-2 

Superphosphateand Ammonium-salts =86 Ib.N. 
Mineral Manure (without Potash),* and Am- 

39-6t 

30-5 

30*4 

29-0 

25-0 

10 






monium-salts = 86 lb. N 

62-8 

39-6 

38-6 

35-5 

34-0 

9 

Complete Mineral Manure and Ammonium- 







salts =86 lb. N 

53-6 

48-4 

50-5 

39-3 

42-6 

11-1 j 

Complete Mineral Manure and Ammonium- 







salts =129 lb. N 

61-7 

53-6 

48-5 

47-6 

58-6 

16 

Complete Mineral Manure and Nitrate Soda 







= 43 lb. N 

48 -IJ 

47-6 

41-5 

37-4 

38-6 

14 

Complete Mineral Manure and Nitrate Soda 






”86 lb. N 

53 -It 

60-5 

53-8 

45-6 

48-5 


* Including Potash, first 6 years. t Seven years only (1869*65). t Eight years only (1858-65). 


represented; the dominant species are those most suited to 
their environment, i.e., to the amount and nature of the plant 
food in the soil, the water supply, the texture of the soil, 
and other factors. If any of these factors he altered, as 
is done in the case of the Eothamsted plots by manuring in 
different fashions, the original equilibrium between the con- 
tending species is disturbed; some species are favoured, and 
increase at the expense of the others until a new equilibrium 
is attained, and the general character of the herbage from 
the botanical point of view is completely altered. It thus 
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bf'CoUK'H important to asocrtnin thr iiaturr <4 f}i<’ plants 
(■ompri.sin }4 tin* h{‘rlia'i:i‘ pruHlinnai by a ^'jv*'!i mannrn, as %vi ll 
iiH to it.s amount : from lime f*» tiiin- !!n*i»f..rr at 

Kothamsted a carofuny .scloctod liwli«in of f}i< h>-rlia|.'«* frtijii 
each plot lia.H been .He|mrate<i into its (’ujistitin nf sp<a’ies, tin- 
n^lafive pr<iporlions of whij-h nr<' <li-ti-nHin' il by wi-iuliini,'. As 
this coinph-tf* nt-j miration invol%i'H a jin-at amount of «orb, a 
partial .HCjmrntiou only in made i very y«-ar, in whh h eas«* tin- 
iierba} 4 (! i.s .separate*! into thre** groups tin- yrassicH, tin- 
leguminous plant.s, and the mi.seejliini ous spei ji s rcsjuTtivt-ly 

Table IdX. show.s the r*-sulis of tln-sn |taiiial se|Mir:i!i»»HH 
as average, H for tin* wlmh- period of forty s»'V*-n y«*ars. ainl 
for the sittgU* y<*ar Suni!iwri**s «*f tin- five nmiplet*' 

sejMiration.H niinle in 1^7», I**”", ami ar** 

given in Table LX 11. (see p. 17ri|, 

I. y'//e {'tum'tmm'ti Pfutp. 

Two of the jilofs have reniaineil witlnaii nwmire during 
the wlmle *jf the es|H'rinn‘iil, TIn-y are sinuitei! mar !li«' 
extretnities of t!»e fiehl, and sh»n% a slight biif mnisfant 
difference in crop. Taking tin* avi-rag*- of tin* whole jaTtial. 
those unmanuret! pl«jt» have pr(Mhu’«'il rather nion* than a ton 
of Itay pt;r acre pt^r annitni. If we e«»in}iare the snceessiv*' 
ten-year roturna, there is no sign of ii|»pr*«iehing exhaustion «>r 
great falling-tiff in crop frtiin year to year. Tin* iinjaiverislnnent 
of these unniamirtal plots is more to lai seen in fli«’ ehanieter 
of the herlaigo than in the gross weight of prisliic**. We«‘ds of 
all descriptions occupy the lain!, niul tint n‘lative pr*ij»ortioii 
they liear to the grainass and clovers has iner»*iis«*i! from year }»» 
year. A fair proportion of clovers, Inith ntd ami whit**, is 
ftiiind on these plots, hut the weeds, which itnioiint to 24 jwt 
cent, hiking the average over the whole jaidisl, have of hue 
years constituted nearly one-lialf of the lierlsige. The most 
prominent species among the gnw»es are the Qiiakitig Clmss, so 
generally taken as a sign of jjoor land, which const ilutwl ‘itf 
per cent, of the whole herliage In and Sheep’s Fensiie ; 
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among k'gutiiinou.H plant H the lijrfl’.H Foot 'IVrfuil ; jimi 
Hawkhit, and ll!n(;k Knajnvfod among tin* wci'dw. 
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pjiHturi' aiiti niriiiinw lati'l in llji> f<tiiulry, vihi ri'^i r fuWM 
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Imyrd. witlanit aiiytliiii^ ifiuy n-Mitn d iis !!i»' .dmiM- uf aiiilu ial 
food or maituro. Fiy. 17 .'^liows a |iljMinoja|ih of a pjor.- ..f im| 
fakoii iroiii thsH plot at tin* i-iid of Juno 

'I’lir pa a! value of ucfiif*j*tiial dre>.>inoN of farmyard jiiamii<- 
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for the first eight years of the es|»erinM*nt reei ivi d farinyard 
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day, for forty years. 
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weeds and the same general aspect as the continuously 
unmammed plot. 

II. Use of Nitrogenous Manures alone. 

Three of the plots — 17, 5, and 1 — show the effect of the 
long-continued use of nitrogenous without any mineral manures. 
Plot 5 has been receiving 86 lbs. of nitrogen as ammonium- 
salts, Plot 17 half the quantity of nitrogen in the shape of 
nitrate of soda, and Plot 1 the same half quantity of nitrogen 
as ammonium-salts, though on this plot dung was applied in 
each of the first eight years of the experiment. It is very 
evident when a nitrogenous manure is used alone for grass, 
nitrate of soda is far more effective than the ammonium-salts ; 
e.g., on Plot 17 it has given an average crop of 35 cwt. 
against 26 cwt. produced by double the quantity of nitrogen 
in ammonium-salts on Plot 5. 

For this superiority of the nitrate of soda two reasons may 
be traced ; being completely soluble it sinks 'deeply into the 
soil, and encourages grasses of a deeply-rooting habit, which 
not only obtain more food from the soil, but also are better 
able to withstand the droughts of spring and early summer. 
On Plot 17 (nitrate) deep-rooting grasses like Meadow 
Foxtail and Downy Oat Grass are prominent, whereas the 
plots receiving only ammonium-salts are almost wholly occupied 
by Sheep’s Fescue and Common Bent, whose feeding roots are 
close to the surface, where the ammonium-salts are caught and 
retained by the humus in the soil. 

The continued use of large apphcations of ammonium-salts 
has also had an injurious effect upon the reaction of the soil, 
since it behaves as an acid , and continually reeves carbonate 
of lime. The creeping surface vegetation tends to accumulate, 
and decays into a substance resembling peat ; at the same time 
the vegetation shrinks into tufts, between which are bare 
patches of black soil, showing an acid reaction to litmus 
paper. So pronounced had this effect become on Plot 5, 
which received the larger amount of ammonium-salts, that the 
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application has been discontinued since 1897, lest the tmf 
should be entirely killed. Another sign of the sourness 
caused by the use of ammonium- salts without minerals is 
seen in the prevalence of Soi’rel on this plot ; it forms nearly 
15 per cent, of the whole lierbage, and it is interesting to 
note that the only portion of the plot from which the Sorrel 
is absent is a strip that was dx'essed with chalk in 1883 and 
1887. 

The aspect of the plots receiving only nitrogenous manure 
shows very characteristic differences ; both possess a very dark 
] green unhealthy colour, but, while the ammonium plot seems 
in the main to be clothed with Sheep’s Fescue and other 
grasses, amounting to 83 per cent, of the whole, the nitrate of 
soda plot possesses a much moi'e varied herbage, of which 
weeds form 40 per cent. Leguminous plants are practically 
.absent from both plots, though a small proportion may be 
found where the nitrate of soda is used. The impoverish- 
ment due to the continual use of a manure like nitrate of 
soda supplying one element only of plant food is to be seen 
in the gradual decline of production on Plot 17, and in the 
present predominance of weeds there. Considering, however, 
the length of time that nitrate has been used on this plot, 
the crop has been wonderfully maintained; the deep root- 
range induced by the solubility of the nitrate enables the plant 
to feed widely in the soil, and the s oda b ase assists in bringing 
Ithe dormant potash into a form available for the plant. The 
photographs, Figs. 18 and 19, show the characteristic appear- 
ance of the tm'f from Plot 5, with ammonium-salts alone, and 
Plot 17, with nitrate of soda alone. 

III. Mineral Manures used alone. 

On three of the plots no nitrogenous manures have been 
applied since the beginning of the experiments. On Plot 7 
a complete mineral manure, supplying phosphoric acid, potash, 
magnesia, and soda, is used; Plot 8 has received the same 
application, but without potash, since 1861, while Plot 4-1 





Fig. 20. 
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receives superphosphate only. With the complete mineruls 
a fair crop is gi’own, averaging over li ton of hay tor the 
first cut alone, and when tlie successive ten - year average's 
an^ considered there; ar<; no signs that the. fertility ot 
this jilot is <leclining, since the production only shows such 
lluctuations as may Ik; iiut down to seasons. Tlie reason that 
the; crop on this plot is maintaincel, although no nitrogen is 
supplies! in the manure, lie's in the; free growth of le.guminous 
plants. It will he; see'ii that, taking the average ovtii- the) whole 
period, the leguminems plants form 24 pe.r ce;nt. of the herliage, 
eind the* proportion has increa.seal frean year to ye;ar. These 
legumineais plants are not only themsedveis inelcpesnelent of 
nitroge'U in soil or manure*, hut hy fixing the; atmospheric 
nifroge'ii iiml h-aving it hehind in the rejsiiluees of theur dead 
roeits, they provide* a supply for the grasses and either plants 
which cannot of the nuselves feed on the nitreigem of the air. 
The preeeloininnnt tegmninoiiH plant is Latfnjrm pmtemh, Imt 
lied anel Wliite Clover are also aliundnnt. A large; number 
of species of grasseis are; rcpresenteel on tlie jilot, neme of which 
are speicially prominent. AniongHt the weeds. Yarrow is 
ve;ry ahmwlant, anel tht;re is also a rather hirge; projiort.iein eif 
Horn;!. The general aspect eif the ve-genitiem is sheiwn by t he; 
photeigraph eif turf, Fig. 20. 

The omission eif potash on Idot H has causeel a veiry 
striking dillereme'e lietth in the crop and in the eharacte;r of the; 
herbage. Th ; average; crop has been about eme-epiarter lesss 
over th€! wlieile jieriesl, ami sheiw^s a progressive; elecline; in 
fertility, until at the pretsent time it is littks more tlian Imlf 
tliat eif Plot 7. Tht; peieir results on this pkit, Jis com|Mircd 
with Plot 7, must lie put down to its poverty in leguminous 
herliago, the development of which seems to depenel <in a free 
supply of peitash. Of late years the preiportioii of leguminous 
plants on this plot has ainounteel to about one-half of that 
ftmnd on Plot 7, the grasses art; about the same, the tlifference; 
being made up liy an increaseel anumrit eif w’oeel. The; 
chamctcristie leguminous plant is the Birel’s Foot Trejfoil, 
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n'hich has ail (ipporlnuit y ti* Itfi-au-*'' ii i'. (na < rii'.!ic!i 

(tut liythr fi.mpt-titiuii of falli'i- hi-rha^r. >u' h a- j*. 
fuuml with tht‘ i-n'p uii Hu! 7. TIk- «-haraf!( !T,!jr 

wri-fl.s uf this pint at'c !h«' Ihltt'Tciip. tlx' lllarh K li.ipu .-. li. 
Plantain, ami Varruw ; phuluuj-aph, l’’i;r. 2-. 

!4ut, •} 1, whi<-h t arh y« ar ha- j'« ( ri\ t-«i Nnjti r|ihu»phaf »• ui»!\ , 
iiuw prfsriits a vtTV impiiv' ii-h'-i! app< ataji» «•, an-! i> ;’iu!iu vny 
iittln inure cruplhan the inimannr- ii phti-. ln>l<'< ii, ih,* a-jtn t 
uf tiiis phit, whft't* the niuHi ahtimlanl ^'ra-> i- t/nahiii;.' {Sra>«», 
ainl win re wei-ds. rhietly Hatvkhi!, P.tirm t, ami Pl.iuiain. are 
nunsnnlly pruiuinenf, wmiM -e, in i.i imheiUe that !h«- laml i- 
snure exhanstei! here than uii ihe ninuaiinie.l j*lui. If i» iiui 
ttneiiiiuiiuis lu funl easi ‘< where the applir-afiun !«i j.qa-?* l.ini uf 
a purely phuspliatie manure, lik-' *>uj»erphu>pha!e ur ha-ie 
it fulh»wei| hy a ^reat iijerea-e uf ri'up, fjie ailijjtjun uf the 
phusplmrie aeiil tu the ilurinani niiru^en arnl puiash in the 
sui! having siipplieil the niif-sinn i lemrnt in a rumph te jihint 
final. The result, huttever. uf I hit |»Iu! shuws liuw ilitasfrmut 
a eunlhiiuitinn of .siieh une siih il tuaiinrini; may Iieeuine; a 
uitro{»enuiis inantire aluiie it utfen thuu^ht exhauttiny, Init 
jirnhjihly Ji phuHphatie manure utei tiniily \%iU more 

qtiiekly im}«ivi*ri.sh tin* suil. The nhutuKraph, Ti^, ‘iCI. shiiwt 
the imjKm'riHhed nm! wiaaly atjHci i*f this plut in HiiKl. Tin* 
diagram. Fig. 21, almws flu* efferi nf the mineial inamiri's, and 
jmrficnlnrly uf |»ula»h, hufh with and witljuiit niirugeti, un the 
yield of gt%sH. 


IV. Cniiipfrti' M*tiiurt'ii <ttnf Mhiftntf*. 

t’une rtf t\u* |ihi!« repidve a t:u!njil«’'te aiiifwdttl iiiiinnre. <tn 
iiiiiienil manuring w tin* witiic, mid siijijdiet 
acid and {lotjiKh ; tut Plot H, niniiwniiiiii «ilts 
). of nitrogen am luhled ; ainl on Plot 11 I 
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amount on Plot 14. Considering Plots 9 and 11-1 first, it 
will be seen That, large as is the amount of nitrogen applied 
to Plot 9, the increased quantity on Plot 11-1 has its 



Fig. 21. — ElFect of the various Ash constituents with and without Nitrogen on the 
produce of Hay per acre. Average over 47 years (1856-1902). 


Plots 3 and 12. Unmanured. 

Plot 4-1. Superphosphate. 

Plot 8. Minerals with Potash. 

Plot 7. Complete Mineral Manure. 


Plot 4-2. Super, and Amm.-salts = 86 lb. N. 
Plot 10. Minerals (without Potash) and 
Amm.-salts = 86 lb. N. 

Plot 9. Complete Mineral Manure and 
Amm.-salts=86 lb. N. 


effect in an increased crop. On Plot 9 the hay has averaged 
54 cwt. over the whole period, on Plot 11-1 the crop is 
increased to more than 65 cwt. Comparing these results with 
the 39 cwt. obtained from Plot 7 (minerals without nitrogen), 
it will be seen how great is the effect of nitrogen in the produc- 
tion of hay. The hay, however, is by no means so good in 

L 
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quality as that grown with mineral manures alone, because the 
large amounts of nitrogen have so stimulated the development 
of the grasses that leguminous plants have disappeared entirely, 
and even the weeds are crowded out. In 1903 the latter formed 
only a trifle more than 4 per cent, of the herbage on Plot 9, 
and were barely perceptible on Plot 11-1, as may be seen in the 
photographs. Figs. 24 and 25, representing turf from these plots. 
The dominant grasses on Plot 9 consist of False Oat Grass, 
Smooth-stalked Meadow Grass, Sweet Vernal, and Sheep’s 
Fescue; Meadow Foxtail, Cocksfoot, Yorkshire Fog, and 
Bent Grass constituting practically the rest of the herbage. 
On Plot 11-1 there is every sign that an excess of nitrogen has 
been employed ; the vegetation is very rank and soft, and tends 
to grow in tufts with bare patches between ; the smaller grasses 
are almost wholly crowded out, and the coarse vegetation is 
generally laid and begins to rot at the bottom before the grass 
is ready to cut. Owing to the great competition of the strong- 
growing grasses the number of species on this plot has been 
reduced to a minimum ; 97 per cent, of the herbage is made 
up of three species alone — False Oat Grass, Meadow Foxtail, 
and Yorkshire Fog, the latter representing 46 per cent, of the 
whole herbage. In the earlier years of the experiment this 
latter grass was by no means so prominent. As late as 1872 
it only formed 10 per cent, of the herbage, while more than 
39 per cent, was composed of Cocksfoot, which has now 
practically disappeared. The replacement of Cocksfoot by 
! Yorkshire Fog seems to have been coincident with the abandon- 
I ment of the practice of grazing the aftermath ; the custom of 
late years has been to cut it. 

On Plot 11-2 the same manure is employed as on Plot 11-1, 
with the addition of 400 lb. of silicate of soda. The silicate of 
soda has resulted in a considerable increase of crop, which has 
averaged as much as 72 cwt. for the whole period ; |he grass 
on this part of the plot is also more healthy and imiform, and 
ripens earlier. The effect of the sihcate of soda must probably 
be attributed to the soda base rather than to the silica ; for with 
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fi© great excess of nitrogen applied to this plot any substance 

soda, which supplements and economises the potash avail- 
^le, will be of service to the plant. 

Turning now to Plot 14, which receives the same manure 
^ Dlot 9, but with its nitrogen in the form of nitrate of soda, 

notice first that the nitrate of soda has been the more 
ffective source of nitrogen, giving an average crop of 59 cwt.’ 
gainst 54 cwt. with ammonium-salts. The superiority of the 
itrate of soda has been most pronounced in dry seasons, 
"w-ing to the generally deeper-rooted habit of the grasses found 
n this plot. 

Daring the great drought of 1870, holes were dug for the 
?camination of the subsoil on this plot and on Plot 9. On the 
L-fcter, where ammonium -salts formed the source of nitrogen, 
3i*y few roots could be distinguished below 36 inches, and the 
ilosoil below 27 inches seemed to have been but little changed 
y the development of roots and their decay. On Plot 14, 
'itli the nitrate of soda, wiry roots extended nearly to 4 feet, 
aci the subsoil down to 4 feet 6 inches had suffered a marked 
aange. 

The vegetation on plots grown with nitrate of soda is more 
a-i'ied, nor are the leguminous plants so completely suppressed 
y the large amount of nitrogen. This plot, for example, 
iowed in 1903 more than 3 per cent, of Meadow Vetchling 
ad a trace of White Clover. The aspect of the nitrate and 
aimonia plots is strikingly different, as may be seen by com- 
ax'ing the two photographs taken in 1903, Figs. 26 and 24. 
T'i.th the nitrate of soda a great pai’t of the herbage, 28 per 
5 ixt., is composed of Soft Brome, a grass hardly to be found 
1 any of the other plots. Again, Beaked Parsley is very 
’ominent, though it is hardly to be found on any of the other 
.ots; it constituted 10 per cent, of the herbage in 1903, so 
ist-t just before hay time the whole plot shows white with its 
;>vvers. In addition to the Soft Brome, the grasses which 
•©dominate are Meadow Foxtail, False Oat, and Smooth- 
gi,lked Meadow Grass. 


104 


IvXl'FJUMKNTS I'I'oN l.\M> 


I’lof 10, which receive, H tlif Miialh-r (jiiaiiU!} uf iiifiatr uf 
soda, Htill j(row.N a very lai-et* croji, a\ i-rai.'ijiu 4'' •■»!. ( 0 » r the 
whole period. TIu' \e;j:i'ta(ion re-euihl* «. f hat nf |*|<»! M. Inj! 
i’veii more varied, there lieijij* ahotj! tosu fine - a^ luneh 
le|.iiuaitiouh herha; 4 e, aiiion^' which th** .Me.idow \ etchliie^ 
jiredominates. ’fhi^ plot prohahly iii.irk'- tic limit of the 
amount of liitrati* of soda which it woidd h'- protii.ihh' to apply 
in ordinary fhrmini;, Hinee the second Ih. j» i ai re ot nitrate 
of .soda on Plot 14 has otdy produced an averae.. ineri i<,i- ot ji 
ewt. i»f hav. 

lieviewinji flic whole of the evidence, nitrate o( sothi }..* 
di.stinetly a heiter mantiri' for hay on the Uothajiisted soil 
than jire aininoninin .splits, prothiein;..' more ptas«. ,ij»d ifiat of 
it he! ter tjtmlily. 

On Plot 10 the potasli is omitted horn tie* mineia! manure, 
though the other mitierid.s and tin* nitrogen .are the siiuie as on 
Plitt ft. The result of the on»i,ssion of tie- |«itash is a consider 
iihle decline ill yield, which has liec«<nie more jircentuateil as 
the exjierimeiiis have proeressi d and the original stm’k of 
potash in the soil has heeii reduced. 1 h*- h'lh.age consists 
tn'Clt Itioi'e wholly of grass than doi*s that of I’loi 5t, and tin- 
thneluptnctii of llower and seed is distim tly later. 

Pint 4 2 i’eeeiv»*,s the same aiuitmuiutu sidts. .supplying hij 
U». of niti'tigen, iiiitl siijierphosphate only, »«» iliai it eonijsites 
with Plot It, exfept ft»i* the entire af»senee of alkaline sfdts. 
The hiek of jiohisli shows itsrdf in a great r<*«itielton of irop, the 
nvttmgo over the whole jicritsl having U’en «»nly llaewt, agninsi 
54 tjwt, on Plot I). It is thus much ladow^ Plot III. nlsti with* 
out potusli, hut which receives mognt’sin and sushi. Hie hiu l«ige 
on this plot again consists almost wholly of girasjs's, w hieh haia* 
II very dark green colour and attt late to nuiture. The dwarf- 
growing and sliullaw-rooifitl grasses pritdoiniiiate ; Sheep's 
Fescue constitutes more titan one-half, ami with Hweet Vernal 
and 8mooth-statked Mtadow Orass, as iniieli ns H5 |wr of 
the whole kurhage. 

The chiiracteriatic appeamm^ of the herliogc is well wen in 
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thi; photograph, Fig. 27, of turf takfii from this pic»t in IlHHI. 
Another feature in these t wo l*lotH, 10 nml 4-2, which rewnvc 
nitrogen hut no p<)ta.Hh, is the w<*akne.s.s of the .steins ; .sh<n1 as 
flu^ gru.s.s is, it is oftmi laid heforit it i.s ready t«» euf. The grass 
is al.so found to la* more .sn.seeptihle to fungoid at tacks on these 
plots than elsewhere. 

The diagram Fig. 2*^ .show.s a compariH<»n of tla^ yields of 
the immanured plot, tin* plot receiving mineral mamircH only, 
and the plots receiving mim-ral manure.saml varying aim mnt.s of 
nitrogen as nitrate of soda or animonium-.silts. 

V. 77/e At'thiU /;/ Onjnnir Mutlt'r. 

In the early years of the exjteHmcmt.s farmyard manure 
was applied every yi-ar to twi» of the plots, hut (»wing to 
the a<’eunmlati«»n <tf mirotted material on the Htirfaee it was 
fomnl neee.ssarv tet diseontinue tlie experiment in this form. 
On anotln*r of the plots, In/wever, an attempt was nunle to 
ascertain the effect »tf tin* organic inafti'r present in dung 
by arhiing to a complete artificial manure, smdi ns is .snp 
plied to Plot ft, 2tHMl Ih. of clmfl'eil wheat straw every year. 
The wlieat stnw will contain so little niannrial matter, I’oinjHired 
with the quantities artificially supplied, that it may he ncgleefcd ; 
thus the straw shouhl he regarded as simply providing organii' 
imitter. If wc compari* flat crop on this Plot 111 with that of 
PlotO, w’c see tlmt the stniw has had its effect, and that t»ti ih** 
average a larger cro|} hy ahmit 7 |M?r acre jM*r annum Iwis 
Jhjcii prcMlucial. The effect *»f the wheat straw has hceti due 
ixu’tlyto the shelter it provides in the lairly spring (for it is 
noticed that tlie grass starts more cpiickly on this plot than tm 
the others), ami |»iilly also to the water-retaining pf»wer of tie* 
humus producetl l»y its decay. Of late years the organir* 
matter aikled accumulalcd to such an extent as to form a 
peaty layer that was heginning to injure the growth of the 
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. depending very much upon the shelter which the long manure 
I affords to the young grass in the early spring, and to its water- 
' retaining power when it has rotted down to humus in the soil. 

VI. Effects of Lime. 

In November 1883, lime at the rate of 2000 lb. per acre 
was applied to one-half of each of the plots, and in 1885, 
1886, and 1887 the limed and unlimed portions of certain 
of the plots, where the lime had obviously produced an effect, 
were weighed separately and subjected to partial botanical 
separation. The results of the liming may be seen in Table 
LXI., which gives the averages of the three seasons, both as 
regards crop and its botanical composition. It will be seen 
that on three of the plots— 6, 7, and 15 — ^the liming has had a 


Table LXI . — Effects of Lime on Grass Land, Mean of 3 years (1885-87), 
first crops. Produce and Botanical Composition of the Herlagc, 
Potha/msted. 




Hay 

Botanical Composition per cent. 

Plot. 

Manuring. 

per acre, 
cwt. 

Gramineae. 

Legu- 

miuosse. 

Other 

Orders. 



Un- 

limed. 

Limed. 

Un- 

limed. 

Limed. 

Un- 

limed. 

Limed. 

Un- 

limed. 

Limed. 


Unnaanured 

18-6 

18*9 

76-0 

69*0 

7*1 

16*0 

16*9 

15*0 

6 

Complete Minerals ; following Ammo- 
nium-salts 

23*8 

28-7 

72-8 

67-7 

11*7 

20*1 

15*5 

12*2 

7 

Complete Mineral Manure . 

26-1 

33*1 

64*3 

48*4 

22*0 

41*8 

13-7 

9*8 

8 

Mineral Manure without Potash . 

17*0 

16-7 

60*6 

71-8 

7*5 

8*1 

31*9 

20*1 

15 

Complete Minerals ; following Nitrate 
of Soda 

12*4 

25*6 

67-4 

53*8 

3*2 

35*3 

29*4 

10*9 


* Results for one year only (1885). 


considerable effect in increasing the crop. On the unmanured 
plot and on Plot 8 the effect has been nil. Again, on examin- 
ing the composition of the herbage it will be seen that on the 
same three plots which gave an increase of crop the lime has 
brought about a great increase in the proportion of leguminous 
plants. On Plot 6 it has risen from 11 to 20 per cent., on Plot 
7 from 22 to 42 per cent., and on Plot 15 from 3 to 35 per cent. 
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The reason for these differences in the action of lime is 
to he found in the previous manmnng of the plots. On Plots 
6, 7, and 15, potash has been applied every year, so that there 
was a large accumulation of potash residues in the soil. On 
Plots 3 and 8, on the contrary, no potash had been used; 
and as Plot 8 had been receiving phosphoric acid, the store 
of available potash originally in the soil must have become 
considerably exhausted. As we have also seen from the 
effect of mineral manures vdth and without potash on the 
other plots, that the development of leguminous plants is largely 
dependent on the supply of potash, it is obvious that the effect 
of lime had been mainly due to bringing into action the 
residues of potash accumulated from the previous manuring ; 
the lime only acts where there is such a residue of potash, 
and has chiefly stimulated the growth of leguminous plants, just 
as a direct application of potash would do. 

The long-continued use of manures like ammonium-salts, 
which are in effect acids, has altered the reaction of the soil 
and made it sour on some of the plots. This is very palpable 
bn Plot 5, which has received a very heavy dressing of 
ammonium-salts alone, and on which, as has before been 
mentioned, there is now a large amount of Sorrel, except on 
a small portion where chalk had been applied. A dressing 
of lime is, without doubt, necessary for gi’ass land on most 
soils, in order to neutralise the acidity produced by decaying 
vegetation, and to enable the manures to exert their full effect. 
Thus although the liming at the rate of 2000 lb. per acre above 
mentioned was extended in 1887 to cover the whole of the 
experimental field, yet a further dressing of lime in January 
1903 to the halves of the plots had an immediate effect upon 
the following crop. As the results of only one or two years 
arei available as yet, they need not here be considered. 

Yll. Changes in Herlage following Changes in Manuring. 

Oh two of the plots, which had received ammonium-salts and 
hitratb of soda respectively until the herbage consisted entirely 



Plot 6. 

Change to Minerals 
from 

Ammonium-salts. 


Plot 15. 

Change to Minerals 
from 

Nitrate of Soda. 


Plot 8. 

Omission of Potash. 


jraisses ,yper cent. 


Le^uminosse, 

per cent. 


h'.-i Weeds, />er cent. 


Fig. 29.— Progressive effect of Changes in the Manuring on the Composition of the 
Hay Crop. Five-year periods. 


weeds before the change, and for successive five-year periods 
afterwards. 

On Plot 6 ammonium-salts alone was applied up to 1868, 
at which time the grasses constituted 63 per cent, of the 
herbage, and the weeds 37 per cent. — the leguminous plants 
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being barely perceptible. In 1903 the leguminous plants had 
risen to over 40 per cent, of the herbage, but the weeds had 
not altered much. The change, as is seen in the diagi’am, did 
not take place at once, the leguminous plants requiring nearly 
twenty years to spread and establish themselves ; after five 
years, for example, they constituted less than 5 per cent, of the 
herbage. The photograph, Fig. 30, shows how closely the 
herbage on this plot now resembles that on Plot 7, which has 
never had anything but minerals. 

On Plot 15 nitrate of soda was used up to 1875, when the 
nitrate was dropped and a change was made to the same 
complete mineral manure as is used on Plots 6 and 7. At the 
time of the change the grasses constituted 80 per cent, of the 
herbage and the rest was weeds, the leguminous plants being 
again almost imperceptible. At the present time this plot is 
almost identical in aspect with the one previously described 
and with Plot 7 which has received only mineral manures 
from the beginning ; it contained in 1903 about 50 per cent, of 
grass and 30 per cent, of leguminous plants. The photograph. 
Fig. 31, shows that Lathyrus is more prominent than the 
clovers. The change in the herbage on this plot took place 
rather more rapidly than on the plot which had received 
ammonium-salts beforehand, being practically complete in ten 
years. 

Plot 8 had received mixed mineral manure containing potash 
up to 1861, by which time the herbage had become largely 
leguminous, as on the adjoining Plot 7. The potash was 
dropped in 1862, though the superphosphate, magnesia, and 
soda have been continued. The effect of the absence of 
potash was seen very quickly, the proportion of leguminous 
plants dropping from 20 to about 9 per cent, in the first 
five years. Owing to the continued manuring with phosphoric 
acid and the lack of potash, this plot has become seriously 
impoverished, and is now very little better than Plot 4-1 which 
has received superphosphate only since the beginning of the 
experiments, the weeds constituting about one-third of the 
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herbage. The photograph, Fig. 22, shows the present state of 
the tnrf. 

It should be remembered that no new seed of any kind has 
been sown on the plots ; the increase in the amornit of clover 
and other leguminous plants is therefore due either to spreading 
from occasional stunted plants which were hardly perceptible 
in the herbage before, or to the blowing on of seeds which 
find after the change a congenial soil for their development. 
Immediately after the change the crop falls off, and only 
reaches a new constant level when the redistribution of the 
species occupying the ground has taken full effect. After 
the change in the manuring the herbage is not suited to 
the new conditions; at first the particular species favoured 
by the manure are not prominent, and it is only when they 
bulk largely in the herbage that the new manure can show its 
full effect. Hence it would seem desirable in manuring grass 
land to keep to the same kind of manure year after year, 
so as to produce herbage which will get the maximum effect 
out of the particular manui’e that is used. Again, if land 
is grazed one year and laid up for hay the next, the grasses 
which were at first favoured by the grazing will be dis- 
couraged during the growth of the hay crop : a better result 
will probably be attained by always grazing or always haying 
the same piece of land, so that there is present at the beginning 
of any season the special class of herbage which has been 
stimulated by the same conditions previously, and is therefore 
likely to give the best return. 

The changes which manuring can produce in the composi- 
tion of the herbage is perhaps best seen in Table LXII., where 
the complete separations of the herbage in the years 1862, 
1867, 1872, 1877, and 1903 are summarised for the more 
abundant species. Figs. 32-40, again, show in a graphic 
form the distribution on ceitain selected plots of these more 
important species. 
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Fig. 32. — Percentage of Anthoxanthum odoratwnx in the Herbage of the Grass 
Plots. First Crop, Season 1903. • 

Unmamired, 

\ Minerals only, 

4-1. Superphosphate. 

^ 8. No Nitrate. 

7. Complete. 

Nitrogen only, 

5. Amm.-salts. 
17. Nitrate Soda. 

Nitrogen and Minerals, 
4-2. No Potash 1 

9. amplete 

11. Excess N. ) 

14. Complete; Nit Soda. 
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Table LXII . — Botliamsted Farh Hay. Percentage of each Species by weight 
in the Mixed Herbage from Twelve selected Plots [first crojos). Five 
se;parationSj 1862, ’67, ’72, ’77, and 1903. 

(The maximum attained by each species in the particular year is printed in 

heavier type.) 


GRAMINEJE. 

Years 

' Plot 













8 

4-1 

8 

7 

6 

15 

5 

17 

4-2 

9 

11-1 

14 

Anthoxanthum odoratum (Sweet-scented Vernal Grass). 

1862 

4*28 

3*66 

3-72 

3*06 

3*92 

1*82 

5-77 

2*06 

2*24 

1*24 

0*09 

0*35 

1867 

8-66 

7-16 

6*98 

3*93 

4*31 

1*83 

5*51 

2*31 

5*52 

3*59 

0*06 

0-13 

1872 

5-20 

4-74 

7*94 

2-72 

6*22 

4*49 

3*04 

4*50 

1*47 

2*25 

0-78 

0*02 

1877 

6 *12 

5*11 

7*55 

3*18 

4*89 

4*16 

4*09 

5*32 

2-36 

2*94 

0*19 

0*06 

1903 

1*34 

2*40 

1*50 

1*36 

1*90 

1*67 

12*29 

11*06 

28*44 

16*19 

0*98 

0*13 

Alopecurus pratemis (Meadow Foxtail). 

1862 

4*49 

1-32 

0*39 

0*34 

1-70 

6*90 

0*65 

28*94 

0*66 

0*27 

2*80 

0*22 

1867 

5*82 

1-84 

0*88 

0*88 

0*02 

5*95 

0-47 

21*71 

14-75 

0-07 

13*11 

3*54 

1872 

0*52 

0*86 

0-52 

1*17 

0*03 

2*46 

0*83 

16*26 

3*94 

2-76 

12*35 

3-72 

1877 

0*30 

1*40 

0-87 

0*48 

0*09 

7*17 

0*23 

12*72 

1*58 

0*96 

9*91 

20*18 

1903 

0*59 

0*31 

0*55 

4*51 

0-69 

10-24 

0-27 

9*74 

4*56 

4*08 

28*51 

28*72 

Agrostk vulgaris (Common Bent). 

1862 

11*36 

7*21 

10*01 

7-14 

21*43 

7*65 

24*30 

11*01 

19*38 

12-81 

13*17 

0*42 

1867 

8*63 

6*08 

4*32 

5*69 

14*41 

6*86 

20*97 

7-05 

14*00 

13*43 

19*27 

0*61 

1872 

16*14 

13*88 

9*32 

11-72 

23*37 

7*66 

26*62 

10*60 

20*59 

15*46 

13*56 

0*24 

1877 

13*28 

9*87 

12*40 

12*02 

8*58 

12*90 

29*46 

17-92 

24*39 

12-23 

29*20 

1*55 

1903 

0*19 

0*03 

0-72 

3*34 

2*51 

2*99 

11*66 

1-76 

2*04 

3*81 

1*42 

0*14 

Holcus lanatus (Woolly Soft Grass, or Yorkshire Fog). 

1862 

5*04 

11*82 

4*51 

5*06 

8-17 

7*61 

10*08 

8*23 

16*21 

12*14 

9*92 

6*60 

1867 

7-97 

9*16 

10*25 

11*81 

3-07 

11*81 

5*15 

8*13 

10-53 

9*84 

2-86 

6*63 

1872 

3*60 

4*71 

4*61 

3*16 

5-31 

5*32 

1*90 

5-87 

2*03 

7-61 

10*88 

3*67 

1877 

12*55 

19*35 

18*22 

13*16 

14*89 

14*95 

3*01 

10*91 

6*03 

10-37 

20*29 

12-75 

1903 

5*07 

4-74 

6*31 

3*07 

2-87 

2*35 

0*03 

4*84 

1*05 

3*94 

46*57 

0*02 




Arrhmatherum avenaceum 

(False Oat Grass). 




1862 

0-07 

0*13 

4*62 

2*41 

3*44 

0*04 

3*93 

0*68 

2*46 


0-77 

3*14 

1867 

0*21 

0*18 

3*16 

0*06 

6*60 


2-78 

0*23 

0*41 

2*50 

4*55 


1872 

0*13 

0*15 

4*40 

0*46 

3*60 


1*49 

0*48 

2*48 

11*40 

10*41 


1877 

0*06 

0*05 

3-17 

1*29 

2-77 


0*23 

0*01 

1*02 

13*23 

14*86 

6*32 

1903 

0*10 

0*03 

4*20 

1*16 

1*94 

0*16 

0*19 


0*95 

43*80 

23*00 

17-28 

Avma pubesems (Downy Oat Grass). 

1862 

9*65 

9*42 

12*68 

13*81 

14*64 

3*53 

7*31 

4*24 

7-38 

10*22 

1*66 

0*90 

1867 

3-07 

4*97 

3*44 

3*90 

0*90 

0-70 

0*63 

1*15 

3*94 

1*41 

t)*01 

0*92 

1872 

3*65 

4*09 

3*66 

2*36 

1*83 

1*56 

0*24 

4*09 

0*28 

0*49 


0*19 

1877 

2*69 

4*02 

1-67 

2*25 

1-67 

3*13 

0*12 

4*27 

0*03 

0-07 


0-47 

1903 

4*76 

9*77 

8*04 

4*28 

7-50 

4*18 

0*01 

8*69 


0*06 


2*32 
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I 



Plot 3 4-18 7 5 17 4-2 9 11 14- 


Fig . 33. — Percentage of Festuca ovina in the Herbage of the Grass Plots. 

First Crop, Season 1903. 

Unmanured, Minerals only, JSitrogen only, Nitrogm and Minerals, 

4-1. Superphosphate. 5. Amm.-salts. 4-2. No Potash a _ 

8. No Potash. 17. Nitrate Soda. 9. Complete r 

7. Complete. 11. Excess N. J 

14. Complete; Nit Soda. 
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GRAMINBiE— ConitMited. 


Plot 







8 

4-1 

8 7 6 16 6 17 

4r-2 

9 

11-1 14 

Avsna flavescens (Yellow Oat Grass). 

1862 

2-37 

4*12 

5-42 4*02 1*18 3*86 0*65 1*45 

2*09 

9 08 

5*28 4*88 

1867 

1*86 

4*28 

3*52 4*84 0*24 4*26 0*46 3*18 

0*41 

3-78 

0*46 7*12 

1872 

3*49 

6*09 

6-94 3*72 1*49 3*83 0*16 4*96 

0*09 

5*30 

0-09 5*67 

1877 

1-08 

2-47 

2-45 3-66 0-48 2-98 O'Ol 1-98 

0*03 

0*67 

0*01 2*93 

1903 

0*92 

2*83 

3-94 6-64 1-47 S’oS O'Ol 1-78 


0*16 

0*31 


Poa pratensis (Smooth-stalked Meadow Grass). 

i 

^ [I 

1862 

0-29 

0*56 

1*72 

1*13 

2*28 

0*14 

1-07 

0*02 

0-67 

10*68 

9*43 

1*45 

ti 

' 1 

1867 

0-17 

0*26 

1*50 

1*05 

1*65 

0*13 

0*65 

0*21 

3-87 

18*02 

12*86 

1*05 

I 

1872 

0*09 

0*45 

2*11 

2-27 

2*42 

0-37 

0*61 

0*09 

5*11 

22*67 

10*40 

2-57 

1 

1877 

0*07 

0*02 

1*03 

1*75 

1*73 

0*11 

0*23 

0*09 

1*56 

18*08 

1*47 

4*01 


1903 

0-33 

0*83 

0*98 

2*34 

3*74 

2*52 

0*90 

0*20 

7-67 

11*68 

0*17 

9*20 

■ f! 

Poa trimalis (Rough-stalked Meadow Grass). 

■ w 

1862 

1*54 

5*16 

5*48 

3*81 

1*53 

6*53 

0*89 

5*21 

8*14 

8-72 

13*25 

22*48 

m 

1867 

1-17 

5*65 

3*48 

4*38 

0*40 

23-67 

0*30 

12*08 

2*15 

2*14 

0*14 

32*98 

1 

1872 

0-60 

3*79 

1*62 

2*30 

0*98 

7-95 

0*5r 

2*74 

2*10 

0*64 

0*09 

24*76 

1 

1877 

0*56 

4*72 

3*20 

2*11 

0*63 

6*05 

0*01 

1-69 

0*31 

0*11 

0*33 

21*69 

1 

1903 

0-01 

0*64 

0*10 

1*00 

0*19 

1*20 


0*96 

0*24 

0*01 


0*95 

' 1 

Briza media (Quaking Grass). 


1862 

1*89 

0*58 

0-07 

0*03 


0*05 

0*06 

0*01 





r I 

1867 

0*68 

0*32 

0*08 

0*06 


0*02 

... 

0*07 






1872 

6*40 

2*12 

1*16 

0*10 

6*01 

0*20 

0*01 

0*31 

6*01 

6*01 




1877 

7*26 

2*16 

0-57 

0*14 


0*30 

0*02 

0*72 






1903 

20 16 

11*23 

5*87 

0*13 

6-18 

0*22 


2*20 





! i 

Dactylis glomerata (Cocksfoot). 


1862 

1-76 

2*25 

3*50 

2-57 

2*05 

2*09 

2*39 

1-80 

2*28 

5*58 

24*16 

10*00 


1867 

1*74 

0*99 

1*48 

4-67 

1*71 

0*21 

1*39 

0-67 

0*38 

4*64 

89*81 

7*28 


1872 

0-90 

0-57 

0*66 

1*68 

1*28 

0*11 

0*70 

0*64 

0*16 

11*88 

89*28 

3*33 

r ' 

1877 

0-70 

1*41 

0*98 

3-67 

4*09 

0*36 

3*25 

0*58 

1*83 

14-07 

17*11 

12*48 


1903 

1*05 

1*30 

1*12 

4-97 

3*51 

0*48 

1*32 

0*92 

0-14 

6*14 

0*15 

0-71 


Festuca ovina (Sheep’s Fescue). 


1862 

13*30 

10*20 

7*51 

13-73 

13-33 

13*69 

21*99 

9*43 

6*80 

5*21 

1*46 

0*88 


1867 

15*20 

16*75 

17*74 

11*38 

25*93 

12*08 

80*67 

11*18 

26*09 

18-42 

0*50 

1*58 


1872 

21-67 

20*44 

23*95 

14*86 

31*15 

34-71 

46*56 

18*05 

49*29 

8*68 

0*38 

0*16 


1877 

21*89 

16*02 

19*76 

26*59 

38*02 

20-77 

53*31 

12*04 

66*20 

21*80 

4*15 

0*48 


1903 

17-45 

8*81 

9*48 

7-67 

8*80 

15*03 

65*66 

12-84 

53*56 

7*52 

0*02 

2*75 

• 
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Fio, M.— Percentage ot Alopecurus ^ratmsis in the Herbage of the Grass Plots. 
First Crop, Season 1903. 


Unmanwred. 


MimraUonly, 
4-1. Superphosphate 
8. No Potash. 

7. Complete. 


NUrogm and Minerals. 

^2- No Potash . 

9. Complete 
11. Excess N. ) 

14. Complete ; Nit. Soda 


Nitrogen only, 

5. AinLm.-salts. 
17. Nitrate Soda. 
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SUMMARY. 


TOTAL PEB CENT. OF GEAMINBOrS. LEGUMINOUS, AND OP OTHER OEDBB8. 


j "Y^ars. 

Plot 

3 

4-1 

8 

7 

6 

15 

5 

17 

4-2 

9 

11-1 

14 

Total of Gramineous Species. 

1S62 

70-61 

74*96 

71-69 

64*65 

80*52 

78-26 

86*32 

81*36 

80*31 

88*59 

89*38 

89*62 

1S67 

65*53 

66*88 

63*03 

59*29 

62*66 

80*02 

71*85 

75-72 

86*13 

77-06 

94*12 

94*25 

XS72 

68*66 

67-03 

71-56 

48*82 

79*23 

78-76 

84-70 

73-27 

88*65 

92*19 

98*84 

92*87 

1977 

71*15 

71-78 

81*19 

74-38 

79-96 

83*45 

94*06 

75-87 

94*63 

94*65 

97*68 

87-81 

1903 

52*23 

43*00 

43*50 

41-75 

35*61 

50*05 

82-37 

56*01 

93*65 

95*90 

99*82 

85*54 

Total of Leguminous Species. 

1S62 

8*10 

2-79 

19*32 

24*70 

0*28 

0-27 

0*12 

0*42 

0*09 

0*13 

0*01 

0*13 

1S67 

5*35 

2*83 

8*88 

12*69 

0*10 

0-51 

0*34 

0-70 

0*04 

0*16 

0*01 

0*39 

X372 

8*98 

8*61 

7-97 

89*77 

1*58 

0*12 

0*46 

1*38 

0*03 

0*02 

0*01 

1*36 

XS77 

8*54 

5*53 

4*01 

18*71 

6*68 

1*80 

0-19 

0*91 

0*04 

0-41 


0*76 

XO03 

7*77 

17-58 

18-57 

33*15 

40*88 

28-97 


2*59 

0*01 

0*01 

... 

3*35 

Total of other Orders. 

X362 

21*29 

22*25 

8*99 

10*65 

19*20 

21-47 

13*56 

18*22 

19*60 

11*28. 

10-61 

10*35 

X367 

29*12 

80*29 

28*09 

28*02 

87*24 

19-47 

27-81 

23*58 

13*83 

22*78 

6-87 

5*36 

XS72 

22*86 

24*36 

20-47 

11*41 

19*19 

21*12 

14*84 

26*86 

11*32 

7-79 

1*15 

6-77 

1S77 

20*31 

22*69 

14*80 

11*91 

13*36 

14-75 

5-76 

28*22 

5*33 

4*94 

2-47 

11*43 

JLBOB 

40*00 

39*42 

87-93 

25*12 

23*55 

20*95 

17-66 

41*48 

6*36 

4*11 

0*15 



11*12 

Number of Species. 

XS62 

50 

' 46 

38 

44 

34 

39 

38 

33 

35 

28 

28 

28 

XS67 

43 

46 

42 

42 

82 

39 

36 

47 

30 

29 

18 

30 

1872 

49 

49 

42 

41 

39 

39 

81 

43 

28 

30 

16 

30 

1877 

52 

45 

48 

44 

38 

43 

29 

49 

26 

27 

15 

27 

X0O3 

47 

44 

45 

86 

89 

35 

22 

41 

15 

20 

10 

24 


VIII. The Effect of Season. 

The hay crop probably fluctuates with the seasons more 
any of the crops on arable land, because the land does 
ncyt receive cultivation, which tends to regulate the supply 
of water to the plant, and especially to preserve it jfrom 
■w'S/Steful evaporation during dry seasons. Not only does the 
igross weight of crop vary very much, but the character of 
herbage alters considerably with the distribution of 
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the rainfall and temperatnre. Thus the year 1902 with fre- 
quent light rains was especially favourable to the growth of 
the shallow-rooted Lathyrm, and other leguminous plants, the 
Itroport ion of which was doubled or more on some of the plots. 

I he Tabic liXIIT. shows the monthly rainfalls for the seasons’ 


1 Aiii.B LXn I .-- Park Hay. Seasons of highest and loivest 
Yields rcmpired with Monthly Rainfall. 



j Plot P. 

1 Minerals, 

1 and 

i -PMj lb. 

1 Amraonhim. 
i «alt54. 

Plot 14. 

Mincralih 
and 
r»no lb. 
Nitrate 
of 



Rainfall. 



March. 

April. 

May. 

June. 

Total, 
March to 
June. 


10 Highest Yields on Plot 9. 




bb. 

Lb. 

Inchcrt. 

Inches. 

IncboH. 

Inches. 

Inches. 

1 HtVj 

7700 

K520 

1*422 

2*129 

8*281 

1*061 

7-843 

lh7i* 

7mn 

ri»«i 

liB2 

‘2-790 

8*481 

5*551 

13*005 

wm 

7 m 

■.'MO 

1*578 

1*252 

2*152 

0*813 

6-795 


7200 

7ir.8 

1 \m 

3*925 

2*068 

3*926 

11*485 


7172 

r.(M6 

0-907 

2-139 

2*531 

0*958 

6*895 


#11122 

772$ 

1-m 

2-187 

0-732 

0*369 

5*210 

1^71 

<J57f5 

(mo 

i-m 

2*890 

0*955 

3*866 

9*214 

imr 

6122 

. .. 

1*495 

2*171 

1*088 

2-227 

6*981 

mm 

fi4oa 

f,7ia 

8*061 

2*848 

2*909 

3-407 

12*220 

mm 


... 

0*994 

2 -tiiri 

4-872 

1*742 

10*223 

iffpitti . 

mm 

imTH 

1 *569 

‘j-m 

2-402 

2*392 

8*887 



10 fewest Yields on Plot 9 




tmm 

nm 

uim 

0*424 

0*249 

1*221 

0*999 

2*893 

imm 

TM7 

i'-m 

S*754 

0*952 

0*476 

2*250 

7*432 

mn 


[mt 

2*565 

2*511 

i 1*806 

0*841 

7*723 

mii 

:: wmi 

mi 

o-nr ,2 

2*141 

1 1*187 

1*593 

5*573 

mn 

1 mm 

mma 

1*789 

0*488 

1*324 

0*979 

4*580 

mm 

^ mm \ 

mm 

2*152 

0-897 

1*376 

1*688 

6*168 

mm 

i $m% 1 

«324 

1*755 

I-194 

2*354 

0*709 

6*012 

mm$ 

^ liii i 

5*i«2 

1*4S5 

0-428 

3*048 

0*914 

5*828 

mm 

, 1 

5070 

3'iar. 

2*148 

1*276 

4*867 

11*411 

tmp 

: m» I 

5r»5« 

0*962 

i-m 

1*080 

2*684 

6*008 


j 

50a7 

1 v'tOl 

1*246 

1*515 

1*742 

6*801 


giving the highest and the lowest yields on the completely 
manored Plot 0, also the corresponding yields on Plot 14, 
which receives lun equivalent amount of nitrate of soda 
instead of the ammonium-salts on Plot 9. Although in a 
gonoriil way it can be seen that a wet late spring is on the 
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nil nil 


lot 3 

4.-I a T 

5 17 

4-2 9 11 14 

Fig. 39.— 

Percentage of Oentaurea nigra in the Herbage of the Grass Plots. 

First Crop, Season 1903. 

Urnnamt/red, 

Minerals only, 

4-1. Superphosphate. 

8. No Potash. 

7. Complete. 

NUrogm only, 

5. Amm. -salts. 
17. Nitrate Soda. 

Nitrogen cmd Minerals, 
4-2. No Potash "j 

9. ^mplete 1 

11. Excess N. J 

14. Complete; Nit. Soda. 
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whole more favourable to the leguminous plants, it is not easy 
to trace any connection between the weather, as judged from 
the meteorological records, and the character of the crop, since 
so much depends upon the frequency of the rainfalls and the 
relative predominance of particular species when the most 
favourable period for growth sets in. In a dry spring the 
plots receiving nitrate have a great advantage over those 
receiving ammonium-salts, but this is due to the deep-rooted 
herbage they carry, rather than to any direct effect of the 
manure used. As regards rainfall, the critical months are 
April and May : the rainfall of Mai*ch appears to affect the 
crop but little. 

PiiACTiCAL Conclusions 

1. It is better to lay up the same land for hay each year, 
grazing the aftermath only, and, in the same way, always to 
graze other land, rather than graze and hay in alternate years. 
In this way we obtain the fullest development of those grasses 
and clovers which are suited to haying and grazing 
respectively. 

2. For the same reason the system of manuring once 
adopted should be varied as little as possible, for even manures 
as similar as nitrate of soda and sulphate of ammonia encourage 
different kinds of grass. 

3. On poor land any large expenditure on manm’es will be 
wasted ; the character of the herbage must be slowly reformed ; 
a full manuring is only utilised when there are plenty of strong 
and vigorous grasses or clovers among the vegetation. 

4. Land which is growing hay requires a manure which is 
mainly nitrogenous, whilst pasture requires a mineral 
manuring. 

5. On strong loams, with a good mixed herbage, a dressing 
of 10 to 16 tons of farmyard manure should be given every 
fifth year. In the other years a winter manuring (January , 
or February) of 2 cwt. per acre of superphosphate (basic slag 1 
on strong clay soils), and 3 cwt. of kainit, with 1^ cwt. 
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Plot 3 

4-1 8 7 

5 17 

4-2 9 II 14 

Fig. 40.— 

-Percentage of Bnimex acetosa in the Herbage of the Grass Plots. 

First Crop, Season 1908. 

Unmarmred, 

Mimrah only, 

4-1. Superphosphate. 

8. No Potash. 

7. Complete. 

Nitrogen only, 

5. AranL-salts. 
17. Nitrate Soda. 

Nitrogen and MineraU, 

4-2. No Potash 

9. Complete V 
n. Excess N. J 

14. Complete ; Nit. Soda. 
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of nitrate of soda when the grass begins to grow, will be 
remunerative. 

6. On light dry soils, either sandy or chalky, the nitrogenous 
manures are the most important ; dung, and cake-feeding the 
aftermath, will best build up a vigorous herbage, and until this 
is done it will not be wise to spend much money on artificial 
manures ; 1 c’wd. of nitrate of soda, 1 cwt. of superphosphate, 
and 3 cwt. of kainit, being about the best proportion in which 
to employ them. 

7. On all old grass land an occasional dressing of ground 
lime, at the rate of half a ton per acre, applied in the early 
winter (best in the year foUowing the dunging), will sweeten 
the herbage and utilise the reserves of past manuring. 
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EXFKlilMKNTH rFi>K UUnWN IN IloTATloN^ 

FIEIJ> 

L Tlie rnmiiiiiimi Ploth. 

n, Efff^ct <»f ihit MfiiiiirrH. 

III. Tim Kfik’t of till* Cirowth of (1i»vrr m llratw «*ii tlir fitirrmlinn C 

IV. Klfrct of Mitnuriiil E<*^lciwrH tm util wf?f|itr tit C*ro|i%, 

V. Gain or Iohh of Mainwriiil QniHtitnriitfi to llir 

Prarticnl C 
Httft’rriioea. 

T«k AgdoU fiohl, which was put under cxpcrhiieni in the year 
1H4H, (liffcrH from the other ItfithaiuHted fielda in that it ih 
farmed on a four-courm; rtrtntion *»f Hw«*di»H, Jatrley. ehn'er (t»r 
beauH) or fallow, and wlieat, instead of grinving one ert»p eoio 
tinuouHly. It in tliviihal into three inidn j>l<»ta, one of wliieli (O) 
haa rooeivetl mi manure, the second (M) mifjera! niaiuireH only 
(superphosphate alone in the first nine coiirws), and the thir<I 
(C) a complott! manure, containing tlm sjinie miiiends, Init also 
nitrogen in the form of nipi* «iki! and aniinoniiiiu sails. Tin* 
manures are applied to the Swrtdes only, the other three crops 


fcVliltillJtf tlHlIIHi 


three plots is furtlior subdiviiled into ftair, so as to oht4 
following ctaniMirisons: (1) Half the plots carry cl« 
beans as tlie third crop of the wiims and half I ho pi 
bare fallow. This shows the effect of iiitrcHliichig iht 
ininous crop into the rotation, as compared %vifh th 
fallow. (2) From half tfie plots the root crops gr»»wii 
first course are (mrted ; on the other half the rtjots are e* 
the laud by sheep ; or rather, since the land is tinsuitetl to 
folding, the roofo are choppoil up and ploughed in. Tlih 
the effect on the succeeding crops of Iwirley, etc., of the 
of a root carop to the land by folding. 

Tlie Table LXIV. ^ows die mean results for the li 






oiiops (nu)WN IX itoTAriox 


1. Titi; Unmani Pi.tns. 

The various (irops as grown in rntnfiitn ar<* artiTii il v^rv 
<lilIerenMy by the ahsenei^ of inaiinri* than tin* sjuta* rr!»|is aif 
wluai grown eontininnisiy. In the raw of the c'. ivals, the 
■ci’op is niaintaiiHKl far la'ttrr on tho rolalion jjlot> fliat an* 
unmannred than on the. similar plots in lirc«iilhnlk am! !l«i*m 
field, where wh(«it and harh*)* are grown eontinuoudy. Tin- 
root erop, howetver, falls to a niiniiunni in the aliHi'nee of 
manure, and the mere net of gr»>wing in rotation in ipnii* 
unable to provide sullieient nutriment for the net*il>, of i-ven a 
small crop. Tlui clover and bean criips also gr«in very 
indifferently on the unmanured pli>ts jiotAvifhstamling the 
rotiition, though tin* fallingatff is not so mark«*d a» in the ra-*e 
(»f the .Svvedi'H. 

Although a rotation of erops, by alteniating phtnis of 
<lifl(}rent rtaphnunents and different habits (some deep mid 

TahLK bXV.— “t/nyo in, futotitm, jhjiM yirW 

nt tfm hqfhminij nf fhn Ji^pKrinifnf, timl ih /«/*■?' ye*/"* (ISfjK JHii" <oe/ 
1884-1903). Aw.r'i‘/ii 7V»f<«/ Pmflwf f pfr <trrt t<f fwtt t-nmamtnA n»if 
ftmi' Miiuufivt 
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a comparison between the crops on the unmanured and the 
completely manured plot for the first four (or rather the 
second to the fifth) and the last five courses of the rotation, 
from which an idea can be obtained of how far each crop 



Swedes. 


Manured Plots 
») 00 , 


Clover 
(or Beans). 


Wheat 


I*-* Four 
Courses. 


Last Five 
Courses. 


U n man urtd Plots. 

Fig. 41.— Crops Grow® in Rotation. Relative Yield on Manured and Unmanured Plots 
in the earlier and later years of the Experiment 

has been affected during the fifty-six years of the experiment 
by the continued absence of manure. The same resists are 
shown graphically in Fig. 41. 

During the last five courses ^the crop St^rodes on the 
unmanured plots has averaged on,% 16 cwt. per acre, and the 
roots have lost the appearance of Swedes, becoming tap-roots 
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(^liorf; OHOWX IN ItOl’ATlON 


with hanllj any of hull ». The fru|), iH<h*t!(l, li*ll 

away to notliiuj; us sotjii ns the iiiaiuuT! was ilisciiiitinufil : if 
was less tliaii K per cent. «if the mjp on the inainireci plut.H 
(luring fhft first, four cour.sc.s, ainl it, Iiiw fallen ttj nbont Iwlf 
that, qnuutity (luring tin*, last the c(a«'si's. Hwotbs have thus 
very littla jxiwtu' of growing nptui t he rc.sorvcs of luitriint'iit 
in tho soil, aiul they nr(‘ alniont wholly ih'|)cn(iciii upon an 
iinnKHliatt: Hnp[)ly (»f inauurc. 

'flio hiUioy luiH ybldetl on tint unuiauured plots lU hitshcls 
of gPiiia and 11 owt. tjf straw per acrci during tin* last five 
oourscs. ''J'hia ninonnts to ahout oil |»cr cent, of fhe yield 
on tliD rnantired plots in thu Huine years, -winerfas fur tlH? hrst 
font* ftourstiH the yiidd on tlio niiinaniirctl plots was nhotii 
70 per cent, of that of tins luannretl |)lota As <’.oin|«irr(l 
with the coiTOHpoiiding plots in tlie HfUne yearn in Moos 
field, wliero l«irl(»y is grown caait inuously, the yield of hirley 
has lioeii inwch lietter iiwu'ntaiiied when grown in rotation. 
On the Hooh fitdd in th(( latoi* years tht! j»rt» hint ion of till! 
unnianiucd plots lata fallen to “li |Kjr rent, of flitit of the 
iiiannred plot*, while tlio i*t»tation lairley on the tiiinniitnreil 
had only fitllcn to fifi per cent, of t hat on the niannrod plot*, the 
sameu years being compared in eacli wise. 

Cnu the RcAhainstod land it is not found deiimhlo to gi*ow 
clover every four years, so only six clover crops have Imh'ii 
t^en during the course of the oxjiC'riBieiit, heniis having Iwh-h 
substituteii in ttie other cases. On these legunnnmiH (rwt|w the 
iihscnce ()f inailure lias had a very mnrke*! eflfee.t*; the prcslite- 
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growing wheat continuously, lind with 17'5 bushels on the 
similarly unmanured plot where wheat is grown after a bare 
fallow. In the earlier period on the rotation field the 
unmanured plots yielded 82 per cent, of the wheat on the 
manured plots, but in the later period the production without 
manure had fallen to 66 per cent, of that on the manured 
plots, whereas in the corresponding later years of the con- 
tinuous wheat-field the production on the unmanured plot 
has fallen to 29 per cent, of that on the manured plot. 
It is clear that the progressive cropping out of the soil is 
telling upon the wheat, though it will take a very long time 
before the crop grown in rotation is reduced to the level of 
the unmaniu’ed land that is continuously cropped with wheat. 

II. — Effect of the Manures. 

The three main plots into which the experimental field is 
<livided receive the following manurial treatment per acre : — 

0. Unmanured continuously. 

M. 3|- cwt. superphosphate, 500 lb. sulphate of potash, 
100 lb. sulphate of soda, and 200 lb. sulphate of 
magnesia for the Swedes. 

C. Minerals as on Plot M., together with 200 lb. ammo- 
nium-salts and 2000 lb. rape cake for the Swedes. 


Table LXYI — Bffe,d of Manures on Grojos grown in rotation, Agdell Field. 
Average produce fer mre over the five last Courses, 1884-1903. 



0 . 


0 . 

Ulficftfuiurfd. 

— JLJ. ..... . 

Hineral 

Manures. 

Complete 
. Manure. Y' 

■ rf.. 

Roots (Swedes) 

. Cwt 

lo'9 

208*2 ; 

399*9 

Barley Grain 

. Btush. 

15*8 

20•0^ 

. 27-5' 

Barley Straw 

. 1$. 

4261 

1424 

m ■ • 

Clover Hay * 

. . Cwt. 


35*5 

h-s 

Bean Com t * 

, . Bush. 

15*9 " 

28*3 

*• l»-6 . 

Bean Straw f 

. " . Lb. 

975 

^^1 

1289 

K. '1 

Wheat Grain 

, Bush. 

26*2 ” 

- 36*1**"’^ 

37-1 

Wheat Straw 

■ -Ha. 


3482 ’ ' 

8698, . 




• 1 ' ' .-■4* 




rm.’ ■ . ' ‘ ® , 

4. * Avteigtof 8 courie®. t .s^yerage couries. ^ 

" ... k "" 
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It should be remembered that each of these three plots is 
further subdivided into four quarter plots, in the first place the 
third crop may be clover or a bare fallow, and again the 
roots are carted off or fed on the land. 

The effect of the mineral manures without nitrogen is very 
marked on the roots; during the last five courses the crop 
averaged 208 cwt. per acre, as against 16 cwt. per acre only 
on the unmanured plot. Even on the most impoverished of 
the quarter plots, that from which the roots are always carted 
and where a bare fallow is taken after the barley, the produc- 
tion amounted to 178 cwt. (see Table LXIV.), although the 
plot had been receiving no nitrogen for thirty-six years 
previously, nor had any residues of the previous crops, which 
would contain nitrogen, been returned to the ground. Where 
the roots had been put back and where also a leguminous 
crop was taken in the rotation, the crop aixiounted to 245 cwt, 
the increase being due to the extra nitrogen thus returned 
to the soil. These results illustrate the great dependence 
of the Swede crop upon a plentiful supply of mineral, and 
especially of phosphatic, manures ; the latter in particulai* 
seem to stimulate the development of fibrous roots, thus 
enabling the plant to utilise the resources of the soil. Again, 
the cultivation to which the land is subjected for the Swede 
crop is calculated to nitrify reserves of nitrogenous material in 
the soil and render the plant more or less independent of a 
dhect supply of pitrogen. Thus, in ordinary farming practice 
with the land in good condition the Swede crop only requires 
a small nitrogenous dressing, but should always have a 
comparatively larjge amount of phosphoric acid, in order to 
enable it to ^ke the most of the reserves in the soil and of 
the dnng whjch is generally used with this crop. 

The effect of the mineral dressing is much less marked on 
the’ barley than, on the roots, it only increases the average 
crop from to 2&- bushels per acre. This increase again, 
is' wholly ,©n tifie ;^ 9 ts grbwing clover and beans 

and ' so ' receiving nitrogen collected from the air; the two 
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<HUiiter plots wliiclx are fallowed after the barley actually grow 
less than the corresponding unmanured plots. On these latter 
plots the preceding growth of a comparatively large crop of 
roots has removed so much nitrogen that the soil is left poorer 
than on the wholly unmanured plot, which has been taxed 
h'ss severely, though both are alike in receiving no supply of 
nitrogen during the whole course of the rotation. From this 
wc may conclude that, in the absence of nitrogen, mineral 
manures are of no use to the bai-ley crop, the magnitude of 
which will d(-pend on the amount of nitrogen available, even 
when the mineral resoxirces of the soil have been considerably 
<lrawn upon. In other words, with barley on unmanured land 
nitrogen starvation sets in long before the deficit in minerals 
is fe*lt, the revxtrse l)eing the case with Swedes. 

(toming tt) the higuminous crop, the mineral manures have 
a very jxovverful (iffect, although they are applied a year before 
tln^ ehtver is .sown and two years before the crop is grown. 
The increfi.Ho brought about is from 9 to 33 cwt. of clover 
hay, and in the case of beans, from 15-7 bushels of corn and 
H'7 envt. of .straw to 2H'0 bushels of corn and 17 cwt. of 
sirjiw. This illustrates well the generally accepted fact that 
the leguminous plants are in the main independent of manurial 
souifcK of nitrogen, wliich element they are able to draw from 
t he atmosphere, esiKjcially when they are provided with plenty 
of mineral plant-food. 

In considering the wheat crop, it is necessary to distinguish 
lait ween the pUits winch have previously grown clover or beans 
and those which have been fallowed, because in the former 
case there has been such an accumulation of nitrogen in the 
soil that tlu} succeeding wheat crop is very much stimulated. 

If will he stmn that the crops on the fallowed portions 
avemged abtmt 32-4 bushels per acre, as against 27 1 bushels 
j«*r acre on the corresponding tmmanured plots, an increase 
which nniKt in the main he set down to the n£nne]Fal dressings 
iwtivwl tltree years earlier in the rotation. "Wh^e clover or ^ 
beans are grown the crop mounts up to nearly 40 bushels per 



108 


(’.HOPS (JkOWN IN POTATION 


aciv, or tu tho luaxiinum grown ovtai tni fin- |i!oi.-» rfroi\iir^ 
iiifrogc'.n a.sw'cll aa iniacrala, ho thoroughly havotho ij'giiniinouH 
plants (lone their work of uectunulating iiitrogon for tin* 
su(a-(Hi(ling <a'op of wheat. 

Tluf application of the nitrogen (Ml Ih. in the .nhap** of 
rape cako an<I ainmoniinn-HjiItH) ftj the Sweden has nearly 
douliltsl the (a'op, the average <luring the last live <-oiirs<*s 
having heeii tUMons, n.s agaiiist less than lO'a tons with tin* 
iniiusral.H only, dependent a.H the Swede (>rop has been shown 
to he upon the inineraks, tluj .soil <if the plots receiving no 
iiitrogenouH manure has been .so far depleted that nitrifn'ation 
•t>f the reH(‘rve.H of huinus still lannaining in the soil is not «l»Ie 
alone to supply enough availalile nitrogen for tin* needs of the 
crop, aa is shown hy tht! increased yiehl priMlueed hy a lUrwt 
appH(.iation of nitrogenous manure. 

The effect of tin; nitrogen applied to the Swedes is still veiy 
fKtlfMihle in the barley croj>, the yield of which is about 4# jht 
cent, larger on the completely mannrtsl plots than on tlie plots 
receiving no nitrogen. Coming to the legmninous crop, the 
nitrogen has no effect; tluj clover is sliglitly iMttter, hut the 
beans am very distinctly worse wdiero it has la?en applie*!. 
This affords very strong evidence iff the extent to which 
leguminous plants are able to fetsi theinselves with tntri*gen 
from tlie atmosphere and become independent of nitrogen in the 
soil, an excess of which may even bo iti(jurions to their growth. 

The manner in whidi accumulations of nitrogen in the soil 
interfere with the growth of legumintms phuits is curioiisly 
seen in another way on this field : one of the coniiiionest 
weeds among both the liarley and the wheat <»n the uitttiatHirod 
plots and on those receiving only mincmls is the little legnmi* 
nous Black Medick {Medkoffo iuptiimn), wdiieli often alfuost 
entirely covers the surface (ff the ground towimls luirvest time. 

* This plant, however, is much less abundant, and Indewl is 
Inudly to seen, on die other plots which rocoive ailtrogwi 
for the Swales, althoi^ no nihrogen lm» liocii apfdted during 
the years in which the plant in question is g^wwing. 



EFFECT OF MANURE RESIDUES ON WHEAT 199 


The wheat, which comes last in the rotation, still shows 
some effect for the nitrogen applied three years previously. If 
we consider the fallow portions only, there are nearly 3 bushels 
more grain produced by the residue of the nitrogenous 
manuring, so dependent is the wheat crop upon a supply of 
nitrogen. On the portions which grow beans or clover the 
wheat crop gains so much from the nitrogenous material 
left by the stubble of these leguminous crops that the effect 
of the previous nitrogenous manuring is no longer apparent, 
the average crop being actually highest on the portions 
receiving only minerals, thus corresponding with the varying 
yields of the previous leguminous crops rather than with the 
direct nitrogenous manuring. 
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Fig. 42. — ^Effect of Manure upon Crops grown in Rotation. Total Frodluce. Averages 
of Five Course (1884-1908). Swedes in 100 cwt. ; Barley and Wheat in 1000 ih. ; 
and Clover in 10 eurl. 

Fig. 42 shows in a graphic form the effect of these three 
systems — ^nb saanure, minerals without nitrogen, and a complete 
mantu’e — km the successive crops in the rotation. 
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III. — Tin-; Ki-'fk<‘T of tiii; Citowin (tF Ci.ihkij on Bf.aks as 

THK Si )'ri;i;iiiNi; Citui's. 

It huK almidy Hwii stated that one of the* main tthjects of the 
exiMTiniental fudii is tin'onijKire the results of };ro\vin«ij a crop 
lik(^ l)e!Ui.H or clover as the third item in tin* riitation instead of 
taking a hare fallow. Of coursi*, historically, this change from 
hare fallow to clover marks f»ne of the great adlvances in 
agricultural prat^tice, hut its ctuiiplete justificuti<*n luis only 
heeii poHsihh? in the last few yt-ars. since the power of the 
leguiuinouH plants to fix afnn»Kpheru! nitrogi'U has hc*en known. 
In the Agdell lieltl clover has heen grown six times and lieans 
(dght times during the periml under exjsTiinent. Table 
LXVIt. sliows the average erops ttf ea«*h s«’j«i lately, fogj*ther 
witli the total produce j>f the stieeeediiig wheat (;rop on the 
fallowed an<l cropped |(oilions respet-iively. 
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The beneficial effect «f the clover crop i« at once apparent 
from the table. On the unmanured plot the clover crop is a 
small one, and apparently the nitrtjgiin it has collected from the 
atoiosphere is not sufficient to compen^wite for the better tiltli 
and nitrification which are tnduccal by a bar© fallow. On the 
plot receiving mineral manures a large balk of clover is grown, 
averaging 44*4 cwt. of clover hay, and n^withrttandiig tihat all 
this is removed from the land the nitre^n In the 

roots and stobble is sufficient to iwi» the total |»t>duce of the 
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wheat from 5245 lb. to 5613 lb., or by 7 per cent. On the 
completely manured plot a still greater crop of clover is 
obtained, averaging 53 cvid., and this still further increases the 
wheat crop from 5479 lb. to 6130 lb., or by 12 per cent. 

With the beans an entirely different result appears; on 
each of the three plots the bare fallow proves a better prepara- 
tion for wheat than does the bean crop, after which in all cases 
the wheat crop is somewhat diminished. On the unmanured 
plot the average diminution is 11 per cent., on the mineral 
manured plot it is 1'5 per cent., and on the completely manured 
plot it is 27 per cent. In other words, the bean crop, which is 
pulled, not cut, does not leave behind any great amount of 
nitrogen gathered from the atmosphere — not sufficient to 
compensate for the absence of the summer tillage that the 
bare fallow receives. These results are even more clearly seen 
when the crops following the largest clover and bean crops 
are considered, the results of which are set out in Table 
LXVIII. 


T.'VBLE LXVIII . — Crops groivn in rotation, Agdell Field. Effect of the 
largest Clover or Bean Crop on the following Wheat Crop. Total prgdtooe 
per acre — 3fean of “ Fed ” mid “ Carted ” portions. 



Clover, 1 
1804. 

Wheat, 1896. 

Beans, 

1862. 

Wheat, 1808. 

After 

Fallow, 

After 

Clover. 

Increase 
due to 
Clover- 

After 

Fallow. 

After 

Beans. 

Increase 
due to 
Beans. 


Cwt. 

Lb. 

I.b. 

1 

Per cent. 

Lb. 

Lb. 

Lb. 

Per cent. 

0. Unmanured 

16-5 

mi 

mz 

1 -f- 2*0 

3608 

7222 

5281 

-26 -9 

M. Mineral Manure . 

59-7 

4220 

5180 

1 +22*7 

4083 

7910 

6090 

•~2a*o 

C. Complete Manure 

76*7 

4547 

5209 

+ 14*6 

5755 

8792 

7674 

-12*7 


In 1894 the clover on the unmanured plot produced only 
16-6 cwt. of hay and caused a barely perceptible increase in the 
total produce of tike wheat, amounting to only 2 per cent. On 
the plot receiving a complete mineral manure, however, a very 
large crop of clover was obtained, 59 7 cwt. per acre, and this 
inta’eased the total produce of the wheat crop from 4220 lb. to 
5180 lb., or fey 22 7 per cent., the extra grain amounting to 
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8 bushels per acre. On the completely manured plot a still 
greater clover crop was obtained, 76 7 cwt. of hay; this in its 
turn increased the total produce of the wheat crop from 4547 lb. 
to 5209 lb., or by 14‘6 per cent. The increase of grain in this 
case was 7 bushels per acre. 

Tm-ning now to the bean crop of 1862, the largest of the 
series, we find that it was also followed by a specially good 
wheat crop in 1863, but that in each case the wheat was less 
after the beans than after the bare fallow, the diminution 
amounting to 26 '9 per cent, on the unmanured plot, 23 per 
cent, on the plot receiving superphosphate only, and 12'7 per 
cent, on the completely manured plot. These results can only 


Table LXIX . — Crops grown in rotation, Agdell Field. Effect of Clover {or 
Beans') on the succeeding Swede and Barley Crops. Mean of four 
Courses — Produce per acre. 



lOtfr-ISth 

Courses 

(1884-99). 

Clover 
(or Beans). 

nth to 14th Courses (1888-1908). 

• 

Root Crops. 

Barley. 

After 

Fallow. 

After 

Clover 

or 

Beans. 

Increase 
due to 
Clover 
or Beans. 

After 

Fallow. 

After 

Clover 

or 

Beans. 

Increase 
due to 
Clover 
or Beans. 




Lb. 

Cwt. 

Cwt. 

Per cent. 

Lb. 

Lb. 

Per cent. 


0. Unmanured . 

1809 

28*1 

11*5 

- 59*1 

2086 

2116 

+ 1*4 


M. 

Mineral Manure 

4777 

201*4 

251-9 

4 - 26*1 

2037 

3007 

+ 47-6 


C. 

Complete Manure . 

4320 

466*5 

446-5 

- 4*1 

3170 

3780 

+ 19-2 



if, be interpreted by supposing that the large bean crop, so far 

from obtaining all the nitrogen it required from the atmosphere, 
drew extensively upon the resomces in the soil, consequently, 
instead of enriching the land like the clover crop it actually left 
it poorer than it was before. 

Since the growth of clover has such a marked effect oh 
the subsequent crop of wheat, the question of the dmation of 
the benefit caused by the clover naturally arises. Table RXIX. 
gives a summary of the results during the last four courses- 
, which have been completed, showing a comparison of the roots- 

and the barley after fallow and after clover (or beans) re- 




RESIDUES LEFT BY LEGUMINOUS CROPS 203 


spectively — i.e., of the crops coming in the second and third 
years after the growth of the leguminous crop. 

The results show that where the manmang is with minerals 
only the effect of the leguminous crop is very marked both in 
the roots and in the barley, i.e., that the nitrogen introduced by 
the growth of clover is operative, not only in the wheat which 
follows it, but also in the roots and the barley which follow the 
wheat ; in fact, in all the crops of the rotation mitil the clover 
comes round again. The root crop is increased by 25 per cent., 
and the barley crop by nearly 50 per cent., the magnitude of 
the increase being due to the fact that the leguminous crop 
represents the only source of nitrogen on this plot. When, 
however, the manure put on to the Swedes contains nitrogen, the 
effect of the nitrogen stored up in the soil by the clover crop 
two seasons before is masked by the fresh nitrogen introduced, 
and produces no increase of crop. It, however, becomes 
manifest in the succeeding barley crop, which is 19 per cent, 
greater on the portion cropped with leguminous plants than on 
the fallowed portion, so that we can say the value of a clover 
crop is felt for three years after its growth in all the crops of 
the rotation, even under the ordinary conditions of farming when 
a manure introducing large quantities of nitrogen is used once 
during the rotation. Of course it must be remembered that the 
above mean results are for the four last courses after ten 
rotations had been completed, and that as the benefit is 
doubtless somewhat cumulative from one rotation to the 
next, the results represent not so much the value of a single 
clover crop as of its constant introduction into the rotation 
instead of taking a bare fallow. On the other hand, if we 
compare the effects of the single crops, we find that the crops 
of beans, just as they show little effect in the succeeding wheat 
crops, so also they cause but a small benefit to the roots and 
barley coming later still. The continuous enrichment of the 
land shown in the above table has therefore been due in the 
main to the five occasions on which clover has been taken during 
the thirteen complete courses covert by the table. 
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The (lia},n-ain, Fif'. 4:5, sliuws in a >,n*a{thin fnriii the liciiffo 
In the whole rotation of tin* ;j:rowtli of clover, even when ihe 
root, crop reeinve.H nitrop'enouH niaiuU’i'H. 
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mental field are af^Lied only to the rtx)l crop, the tbrri 
Bubsequent cro{« in €«u^h «our8e being grown wiAcmt ftirflic 
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nianiu’e. We thus obtaiu a means of ascertaining what residue 
is left in the land after the removal of the crop to which the 
manure has been applied. If, for example, we compare the 
[dots receiving minerals only with those receiving minerals and 
nitrogen, on the fallow portion the addition of nitrogen produces 
fin increase of crop from 188 to 44:8 cwt. per acre, or of 138 
I )er cent. This crop of roots is entirely removed, but the suc- 
ceeding barley crop shows a totfil produce of 2675 Ih. on the 
idot where nitrogen was applied to the roots, against 1825 IId. 
on the' plot without nitrogen ; thus the residue of the nitrogen 
in the ground after one crop had Ijeen grown and removed was 
.st ill <ihl(i to increase the next crop by 41 per cent. 

TIio following Talde (LXX.) shows the sninmarised results 

'J'Alil.K L.KX . — Ortijis fjrii'tm in rddfum., AcjUdl Field. Toted ^n-odme i)ei’ 
tii-i'c. Menu «/ Jivr. (foursoi, 18H4-1903. Inn'CKSe due to Tfitroijcnma 
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Lb. 
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-- 434 
- 11*6 
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24 


for the last five courses on both the fallow and the clover 
portions. 

It will he seen tlnit a nitrogenous dressing consisting of 
mpe cake and ammonium-salts leaves in the ground, after 
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growiiij^f a croj) of roots, a rosiMuo which increases the Imrley 
crop hy 41 per cent. ; (‘ven two y<‘ars later, after an interveiu'nit 
hare fallow, sotrun'enf still remains to increase tin? wheat crop 
})V nearly 7 i)cr cent. A Vftrv similar incrcas»- in the hurley 
crop, of per (unit, instead of 41 jier cent., is hnmght ahont hy 
the residues of the nitrop;enous manuring applied to the Swcile 
crop on the plots which, instead of heinjt fallowe«l, carry clover 
or heans as the liiird crop in the rotation. On tin* lei'nininous 
crop itself, howtwer, tin^ rc.sidues of nitroj^cn still in (lie soil have 
a depressing (dfect, tin* avcraff«* production of heans or c!ov(*r 
hein;j; ll’ti per cent, le.ss on the plots which receive nifrogeji 
for the Hwtule crop than «»n the cornespondin^' plots {'ettini' 
no nitrogen, a result of nitrogenous inamiring whicli has lieeji 
noted before. 

Furth(‘r evideiKu! of tlie tluration ofinaiiurml residttes is to 
he obtained hy comparing the plots from which the lumts are 
removed with tliosf* to which the roots are returned, and noting 
the effects on the suceeeding ciuips of the rotalion. For this 
purpose it will lie wise to consi«ler only the {dots on which the 
Hwedes receive nitrogen as well as tiie minerals, for on them 
only is there a crop of Swtules hig enough to leave any per* 
ceptihl(‘ residue. Taltle LX XI. shows tint average results 

Taih-k 1 .x XI. 
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(grain and straw) for the last five cmirses on the feci and tstrted 
{jortions, where a hare fallow' is taken in each coutm. 

Taking the figurca in tJie last column, we see that the f‘ttVc;t 
of the root crop on the micceeding Iwley is eonsMemWe, for 
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tlie yield of barley is increased by as much as 53 per cent, 
through the return of the root crop to the land. The residues 
have, however, but a small effect two years later on the wheat 
crop which follow's the bare fallow, for where the roots were 
fed the wheat crop is only 13 per cent, larger than where 
the roots were carted off. The residual effect has practically 
disappeared by the fourth year, and when the roots (to which 
a fresh application of manure is applied) come round again 
they are little the better for any accumulated residues in the 
soil, even though the treatment of returning or removing the 
roots is repeated through thirteen rotations, or a period of 
fifty-two years. 

The next Table (LXXII.) shows the parallel experiment, 
in which clover or beans are grown in the third year of the 
com’se instead of taking a bare fallow. 


Table LXXII. 



Average Produce per acre. 

Relative Yield. 


— 

Boots Bemoved. 

Boots Fed. 

Boots Removed. 

Roots Fed. 

Swedes . 

445*4 cwt. 

408*1 cwt. 

100 

92 

Barley . 

354.5 lb. 

4579 lb. 

100 

128 

Clover or Beans . 

4066 lb. 

4572 lb. 

100 

109 

Wheat . 

6140 lb. 

6246 lb. 

100 

102 


In this case the effect of feeding the roots on the land is 
plainly visible in the following crop, though the increase is not 
so great (being 28 per cent, instead of 63 per cent.) as when the 
rotation includes a bare fallow. > 

The second crop, clover or beans, is also benefited to some 
extent, for the residue of the roots produces a mean increase of 
9 per cent. Now, however, the new stores of nitrogen intro- 
duced by the clover crop practically obliterate all further effect 
of the residues, and the wheat crop is to only a trifling extent 
the better for the return of the Swedes to the land three years 
previously. 
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Tlio diagram, Fig. 44, shows graphically tlu* cdlhct that 
feeding off the root crop on the hind has on the Hu<a*eediii}i 
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V. — Gain or Loss of Manubial Constituents to the Land. 

From the analyses which have been made from time to 
time of the crops on Agdell field it is possible to estimate the 
quantities of the chief manurial ingredients — nitrogen, phos- 
phoric acid, and potash — which are removed from the soil 
during a typical rotation. Thus we can form some idea of 
what will be necessary to maintain the fertility of land under 
ordinary crop, and whether there are any natural recuperative 
agencies which restore plant food to the soil. 

Table LXXIII. shows the amount of nitrogen removed per 
acre per annum on the three plots which are fallowed and 
where also the roots are carted off — where everything is, in 
fact, removed, and no nitrogen is added except in the one case 
on Plot C where the Swedes are manured. 


Table LXXIII. — Nitrogen removed hy Crops grown in rotation, Agdell Field. 
Average of eight Courses, 1852-1883. Boots carted. 



0 . 

M. 

c. 


Unmanured. 

MineralH only. 

Comidete Manure. 


Lb, 

Lb. 

Lb. 

Supplied in Manure 

0 

0 

140 

Removed in Crops 

Swedes 

11*5 

34*8 

78*5 

Barley 

28-1 

23-3 

39*2 

Fallow 




Wheat 

36**6 

39*0 

42 T 

Total in rotation 

76*2 

97-1 

159-8 

Per acre per annum . 

19T 

24-8 

40-0 


It will be seen that on the unmanured plots the removal of 
nitrogen is chiefly effected by the two cereal crops, so small 
has the crop of roots become. The average loss of nitrogen 
over the whole four years of the rotation amounts to just 
over 19 lb. per acre per annum, which agrees very closely 
with the average annual removal of nitrogen from the 
unmanured plot in Broadbalk where wheat is grown year 
after year. When mineral manures are used for the Swedes 
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the loss of nitrogen to the soil during the rotation is greater, 
amounting to over 24 lb. per acre per annum, the increase 
being almost wholly due to the much larger Swede crop 
which is obtained by the help of the mineral manures. 
Coming to the plot which receives a nitrogenous manure for 
the Swede crop, we find the average removal of nitrogen 
becomes 40 lb. per acre per annum, a slightly greater quan- 
tity than is supplied by the manure, so that the net loss 
is about 6 lb. of nitrogen per acre per annum, approximately 
the amount annually restored by the rain. Thus, if we con- 
sider this plot alone, an almost exact balance is obtained 
between the nitrogen supplied and the nitrogen removed, so 
that the fertility of the land should be closely maintained. 
There are, however, other sources of loss which the above 
figures do not take into account — losses by the removal of 
weeds, losses by the washing away of nitrates, especially 
during the bare fallow, and losses due to the decomposition 
of nitrogenous materials in the soil Avith the evolution of their 
nitrogen as gas, “denitrification” so called. Possible sources 
of gain are the absorption from the atmosphere of ammonia 
other than the ammonia washed down in the rain, and the 
fixation of atmospheric nitrogen by soil bacteria which do not 
require the co-operation of a leguminous plant. It is difficult 
to decide whether the fertility of this plot is really falling off 
or not, so great is the effect of seasons in causing fluctuations 
in yield which cannot be gauged ; the last four root crops 
have actually been greater than the first four, the wheat has 
been somewhat less, while the barley has given in the latter 
years less than half the crop of the earlier ones. The seasons 
in the latter years were, however, against the barley crop, so 
that one can come to no very definite conclusion as to whether 
the recuperative agencies indicated above are sufficient to com- 
pensate for the unestimated but ineYitable losses. 

Turning now to the plots on which clover or beans are 
grown, it becomes still more difficult to estimate the gain or 
loss of nitrogen to the land, since the leguminous crop gains an 
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amount of nitrogen for the land which we have no means 
of calculating, but which we know is sufficient to benefit the 
succeeding crops for at least three years. Table LXXIV. 
shows the removal of nitrogen per acre per annum on the 
plots growing beans and clover where the root crop is com- 
pletely carted away. 


Table LXXIV. — Nitrogen removed hy Crops grown in rotation, Agdell 
Field. Average of eight Courses, 1852-1883. Boots carted. 



0 . 

TJnmanured. 

M. 

Minerals only. 

c. 

Complete Manure. 


Lb. 

Lb. 

Lb. 

Supplied in Manure 

0 

0 

140 

Removed in Crops : — i 




Swedes 

7-6 

33*3 

80-6 

Barley 

30-4 

23-5 

40-7 

Beans or Clover .... 

41-4 

61-5 

89-5 

Wheat 

32-8 

35-9 

43*7 

Total in rotation 

112-2 

154-2 

254-5 

Per acre per annum . 

28-1 

38-6 

63-6 


On the plot receiving mineral but no nitrogenous manure 
the removal of nitrogen is now nearly 40 lb. per acre per 
annum ; but if we exclude the clover or bean crop as providing 
its own nitrogen, the loss is only a little over 23 lb. per acre 
per annum, some of which is undoubtedly replaced by the 
nitrogen drawn from the atmosphere and left in the roots and 
stubble of the clover. With the nitrogenous manuring for the 
Swedes the annual removal of nitrogen amounts to nearly 64 lb. 
per acre per annum, or again excluding the amount contained 
in the clover or beans, to about 41 lb., of which the nitrogenous 
manure used for the Swedes provides 35 lb., reducing the net 
loss to the soil to about 6 lb. of nitrogen per acre per annum. 
This is easily compensated for by the amount of nitrogen intro- 
duced by the clover crop, and there is every indication that the 
fertility of this plot, so far from tailing off, has been increased 
somewhat by each completed rotation. Hence we can con- 
clude that fairly strong land, such as we are dealing with, 
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when faniuid on the fuur t'<»ui'ne synteni will raiher than 
fall in fertility if durinjf the rotation it receives niatiure .sijjiph ing 
loO 11). of nitro^'i'n per acre, even thoii« 4 h the root.s are wholly 
reniov(‘<l from the land. Stieh a <juantily of uitrooeii would !«• 
supplie<l l)y lo ton.s of fair tadiimry dune. It hlioul'l he. how- 
ever, reineinhered that the .slate of etjuilihriuni thus attniiUHl is 
not a very hif^h one, and that if the lami is to he kept in !»i^her 
“eomlition,” with a o,.nerally larjijer prodjie!i«in !hroue|nml. 
then the losses of nitrojien hy drainage and denit rifiealioii will 
al.so he greatly inerea.sed. Hence if the higlaw h*vel of protiue 
tion i.s to he- inaintaine«l it will require an ndiHfionul expetidi 
ture of nitrtjgcn as iuanurt% not inertdy enough to make up for 
the larger amount removed ia tlie greater crops, hut a consider 
able Huri)lus in order to compenwite for the increased wastage. 

When the mineral constituents of plant haal are consirlereil 
•' the phosphoric acid ami pohish there is no dilllcnlty in 
estimtiting the annual loss or gain to tlu) s«)il, lascauso we know 
that there are no recuperative^ agencies at work to incrc’ase the 
original stock of such mineral suhsUiiiees In tlie s*»il, imr, on 
the other hand, are the only poH.sihle lo,s.ses, thos«* hy drainage, 
of any moment. The annual «lrall on the Siiil cim then he 
estimated with acctinicy if wt? km>w the amounts of the con- 
stituents in question which are contained in the mamm* supplted 
and in the crops removed. 

On the unmatmred ph»t, from which everything is removmi, 
the loss of phosphoric ?ici<l is about T'a Ih. |M!r ai'ire per atiiniin 
under the rotation, a ligurt! which is very close to the annual 
withdrawal of phosphoric acid from the uniaanured plots 
where wheat and liarley are respectively grown year alter year. 
On the continuous wheat plot tlie amount removed in the crop 
is 8 0 lb. per acre per aontun, on the Imrley it lajcoities 7‘H Ih. 
per ficre jier annum. Again, as ii^irds the potash, the avt*ragc 
removal from the unmanuml plot under rotation is Kk*i Ih., 
whereas the continuous wheat plot stntikrly tmmaiiiired loses 
14 3 Ih., and the csontinuous Iwley plot 11 ’6 Ih. |>er acre jwr 
annum. 
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It thus appears that when land is continuously cropped 
ithout manure and without the restoration of any parts of 
e crops grown to the soil, the annual withdrawal of the chief 


'Fable LXXV. — Phosphoric Acid and Potash removed hy Crops 
grown in Rotation. Agdell Field. 



Phosphoric Acid. 

Potash. 



Completely 


Completely 


Uumanurod. 

Manured. 

ITiimanured. 

Manured. 







Fallow. 

Clover or 

Fallow. 

Clover or 


— 

Beans. 



Beans. 


Roots 

— 

Roots 




Carted. 

Roots 

Carted. 

Roots 



Carted. 


Carted. 

-o moved in 

Lb. 

I.b. 

Lb. 

Lb. 

Swedes .... 

1'55 

20*19 

6-07 

78*31 

Barley 

13 T1 1 

21*59 

18*96 

31 -49 

Fallow, or Beans or Clover . 


18*03 


47*40 

"Wheat 

15*40 

21*96 

'21-n 

38*29 

Total .... 

30*06 ^ 

81*77 

:.2-S0 

195*49 

applied in Manure . 


64 


150 

Net Loss to Soil 

30*06 1 

17*77 

52*80 

45*49 

•v*erage Loss to Soil per acr<^ 
p<;r annum . . . . I 


4*44 

13*20 

11*37 








i,iiurial constituents will be about the same whether the land 
j>ut under a rotation or grows a cereal crop every year. Of 
iirse the rotation plot in this case is practically growing two 
real crops only in the four years, with a fallow between each, 
small is the production of roots in the first year of the 
oxse. 

Table LXXVI. (p. 214) brings together for comparison 
3 annual losses on the three unmanured plots in question. 
As regards the manured plots growing clover or beans, we 
that a little more than 80 lb. of phosphoric acid is 
noved during the four years of the rotation and must be 
>laced by manure if the fertility of the land is to be main- 
ned. If 15 tons per acre of dung be given during the 
^tion, more phosphoric acid will be returned than is 
olidrawn by the crop ; but^ as the phosphoric acid in dung is 
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not in a vtny active form ami an the }j:rowtli of Sweden in very 
■specially depiaulent on an alaindnnt and active Hnp|»ly of 
phosphoric acid, it would prohahly he neee,Hs;in to use 4 ewt. 


TAItOK I.XXVl 


m t '#0| ® 


Agtkll— Eatiitkm {HwrdrK, Biirlr^y* %Vhrml| 

Brcmdbtlk ' i Aiiitifnifnw Wltriif . . , . 

Ilooi Burlt^ . . , , , 





l%n:»gvn 

A*- id. 


hh 

I.!-.. 

tJ* 




IT'fl 


1 1 ’-'dt 


7 m 



or HO of anjierjihosphaie per acre if a gotal iiverrtjj;«! crop of 
roots is to 1)0 ohtfuned. The withilmwak of front the 

soil during the rotation tire more coiiMidomhle, lunmniting to 
netirly 200 Ih. per acre, win'eh in tliia experiment are only 
{taitially rephicetl hy the 100 Ih. given in tht! tnannre for the 
Swedes. Wo am assume, however, thtit even if this is not 
supplied l>y the If) tons of ftirmyard numnre, which w'e Itavo 
l>een assuming as najesstu-y to mainttiin both tin avemgw yield 
tmd the fertility of the land, yet it will not lie nf'cessary to 
afford any aitificial supply of potash on a soil like that of 
Rothamstal, The reserve's of potash in snoh a strong soil are 
onornious—at least 00,000 Ih. per acre in the top 9 ittehes of 
soil, of which 12,000 lb. is sohible in hydrts'hloric lu'hl and 
a little of it becomes available eveiy year under the action of the 
weathering induced by cultivation, 



PUACTieAt, CoNCl.flHlONS 

The following concluaions nniy to dimwn from an ewinliia- 
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ps fall off more slowly, and the cereals, especially the wheat, 
intain a fair production for a long period. 

2. The unmanured wheat and barley grown in rotation 
itinue to give much greater produce than they do on land 
lilarly unmanured but growing the same crops year after 
-r. This is, however, chiefly in virtue of the two fallowings 

land receives during the four-years’ com*se, the unmanured 
d losing about the same amount of plant food in the one 
e as in the other. 

3. On the manured plots the yield of Swedes is determined 
both phosphatic and nitrogenous manure, chiefly by the 
ner ; the yield of cereals is determined by the available 
'ogen in the soil. 

L-eguminous crops like clover and beans are dependent on 
supply of minerals, particularly of potash, and are even 
lewhat decreased by the presence of much nitrogen in the 

I 

i. 

4. The inclusion of a clover crop in the rotation, besides 
ividing a crop of hay, leaves the land so much richer in 
:’ogen that the succeeding wheat crop is greatly increased. 
3 good effect of the clover persists and may be traced through 

the crops of the rotation. With beans in place of the 
ver, no beneficial effect is produced on the succeeding 
ps. 

5. The effect of such residues as are left by an organic 
imre like rape cake applied to the Swedes, or those left on 
toring the Swedes to the land, or the residues left by a 
ver crop, is to be traced in the three following crops at 
3 t. In the third crop they are, however, becoming snaall, 

I even in the second year after the application of the 
uure the effect of the residues becomes masked by any 
V addition of nitrogenous manure, although they may still 
lain and go to build up the “ condition ” of the soil. 

6. The losses of nitrogen to strong land farmed on the four- 
jfse system are almost made up by the growth of a crop of 
ver, and will be more than repaired by a dressing of 15 tons 
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of fannyurd maniiro or itn o(juivalout diiriii*,' iho rofitlioit. '{'In. 
Ioss(!H of j)hoH|)h<»n(; acid and puiaKli wtaild !«• !..iiiiilari\ madr 
up, thou^di it i.H wfli alw. to u.so ahoiii :»0 II,. of phosphoHo 
acid p(*r acrt! fortlio Sw,*d(* (Top, ulik-h in ,H|H.ci,«i]ly ifopoudtn! 
on a larj'c ((uanlify of availaldc (ilniHpliorjc- aoid. 
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References. 

I. — The Process of Nitrification. 

fact that cultivated soils could induce the conversion 
^anic matter containing nitrogen into nitrates has hcen 
:i for a long time, indeed it was for many years utilised on 
imercial scale for the production of nitre. Many of the 
dons under which nitrification takes place had lieeu 
!<i out by the men in charge of the old saltpetre beds 
' Boussingault and other investigators considered them 
from the point of view of agriculture. The presence 
cium carbonate or some other base, the aeration of the 
warmth, and a certain proportion of water had been 
t to be necessary, while it was known that much organic 
r- was injurious. That the action is brought about by a 
organism, was first established by the experiments of 
ising and Miintz in 1877 ; and on the appearance of 
paper, Mr Warington, who was then working in the 
xnsted laboratory on the subject of nitrates in the soil, 
sded to a further investigation of this important subject, 
arst experiments confirmed the conclusions reached by 
!.sing and Miintz, and showed that the amount of nitrates 
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in a soil increuHcd when pure air wan h*d ii, hnf flint 

no incrnaHn wan ohaarvaliln when fin* air coiifiiiiiod a trni‘i* 
of an {intiHoptio !ik(? chloroform or carhoii biaulphhh*. Fnrfhcr 
experiments east light on the eoinlitions mnii*r which tin* 
nitrogen in ammonium salts %voul(l thus jaiss over into 
nitrates a preliminarv sealing from a previously nifrilying 
solution or from soil or natural w.itm's is neeessarv hright 
light inhibits the process, and the lirying up of a soil, even 
at the ordinary ti'inperature of a room, is sidlieii’iit to «li'stroy 
the agent of the change. .\li these facts showed that the 
change to nitrate was ^•ffeeted hy living organisms iircsmii iti 
the. soil and in natural waters. It was also shown that certain 
food snhstanec^H, {sirtimilarly phosphora* acid, are reipitred iti 
th(! nitrifying solution. Ahout, tim saine fimi« also, .\liinrf» 
showi'd that the, organistn can ohPiin its t’arhoii from ptirtdy 
inorganic Hmtra^s liko the enrhonattfs of ammoniii »ir I’alcimn. 
acquiring the necessary enr*rgy for splitting up the carhoii 
dioxiih* from the couibiistion of the ammonia to tiitroiis and 
nitrify acid. This reinarkahlo fact was afterwards mon^ 
rigorously demonstrated hy Winograiisky, who cslaldisliwl a 
relation of ahout thirty-ftv(^ to one hetw€‘en tin? nitrogen oxidisisl 
and the carbon assimilatfsl. 

In the course of Warington’s ex{Mtriments lie ohscrvisl timt 
wlien a comjMU'ativoly strong amtttoiiiitcal solution (eontiiiwiiig 
also iihosphates, etc,) was secihsl from a soil, tlie first piasluet 
of the oxidation was largely, if not wholly, nif rili!s, and that 
thesis nitrites wore converted into nitnites at a later stage 
when most of the original ammonia hml been oxititsial. This 
seemed to indicate that the nmetion fakes phice in f wo stages, 
a preliminary oxidation to nitrite Iming followed by a second 
independent change of tlie nitrite into nitrate. %V'arington 
succeeded In sepimting hy re{}eated onltivations one agent llnit 
would only cany on the ftrat oxidation from ammmifa to nitrile, 
and a second that would oxidise nitrite into nltmte hiit wottld 
mtt attack tiie original ammoniacai MilutliMi. Although 
Warington was not able at tkat time to dernomdrate in a jams 
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state the organisms respectively carrying on these reactions, but 
his experiments proved that the ordinary process of nitrification 
in soil, etc., must be due to two distinct organisms, the nitrous 
and nitric, each incapable of doing the work of the other. 
Soon afterwards Warington’s conclusions were confirmed by 
Winogradsky, who succeeded by a new method in preparing 
pure cultures of the two organisms. 

The position in which Warington’s investigations left the 
question of nitrification has not been materially advanced since ; 
the process is carried out by two distinct organisms present in 
enormous numbers in all cultivated soils, being only absent from 
soils possessing an acid reaction like peat. The action of these 
organisms is dependent on certain conditions of temperature 
and aeration, on a supply of inorganic food like phosphates, 
on the presence of a base and on the absence of any excess of 
soluble organic matter. 

II. — Denitrification. 

During the progress of the investigations on nitrification 
Warington found that under certain conditions soils possessed 
the power of destroying any nitrates which had been formed 
previously. This had been observed before, and shown to be 
due to the action of sundry living organisms which are univer- 
sally distributed in natui'al waters, sewage, and soil. The main 
conditions necessary for the development of this reducing action 
are the absence of oxygen and the presence of a sufficiency of 
readily oxidisable organic matter ; it will then depend on the 
conditions to which the soil is subjected whether the nitrate- 
making or the nitrate-destroying organisms become active. 
Warington, for example, showed that if an ordinary soil were 
deprived of air by keeping it in a water-logged condition, 
any nitrates added to it would be rapidly destroyed with the 
evolution of nitrogen gas. 

The action of a number of oi^anisms was studied by intro- 
ducing them into beef broth containing some nitrate and 
protected from the access of oxygen by a layer of paraffin oil. 
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Under these e(tuditioiis. of tliirfy seven tli^tiurf «trea!iisu»s 
tested, nin(‘teen reduetsl the nitrate to nitrite, «ine of them 
prodnciiijj; nitrogen gas also, three hronghi altout some shglit 
reduction, and fifl(‘en were wifJiout action on the nitrate. 
liednUion to ii nitrite was tin* most genera! r«'aetion, hut 
other organisms have heeii fonial c-ajHtlile of eaiTviiig the 
rednetitm furtlier to nitric or tiitrous oxifie, or evi*n to nitrogen 
gas. 

It has ]t(H‘n Hiijtjiosed that consideralde los.ses of ni!rogi*n 
are likt'ly to aeca-ne from fltis eause whenever nitrate of s.»da is 
nsetl as a nuumre in conjunction with organic materials like 
dung. But, notvvithstauiling the j»r>‘«i’nee f»f demitrifying 
hticteria iu the soil, th<! (tonditiotis under whieli they lieeome 
active*.— ahstmee air, a high tcniperatiire ami the jeresence 
of largt! (|Uiintitit*H of soluhle m’ganit! fiialtiT are so rari'ly 
rtialist^d that denitrifieaf ion prohahly pltiys no large part 
in |>ra(;tice. For example, on tln^ IfotltainHieti iimngel plots, 
where large tjiuintities of nitratf? of soilaare tise«l in eonjinielion 
with dung applierl every year, the recovery in the crop of th«* 
nitrogen supplieil in the tiitrate* eonijwre.s favotirahlv with the 
proportion recovered wh<*n nitrate of smla ahme is used (see 
pp. llU- 4 ). In other words, the nitrate (d aoda prmluc»?» 
Jilmost as large an increase when nddial to a dutige<l as to iiii 
uninanured plot, hence VC17 little <»f its n!trogt*ii can have 
been wastefully liberatwl as gas. 

Ijjitterly tlie term den if ri Beat ion has l>een iiseil in a wider 
sense for all hacterial decc)iiipositi<*ii «»f organic laMliescontatning 
nitrogen, which result in the loss c»f nitrogen as free gas. Such 
mjtioiis mast hts always going ott in si>il, ami serve ft> ncci»ii!if 
for the fiict that there seems to Ito a limit to the mrciiiiuila- 
tion of nitrogen in soils, Ijccauso the ilesfnicttivo clmiiges 
proceetl with greater mpidity as the amount of oi^nnit; 
matter in the sc/il increases and provales a richer tmHliiirn Bn* 
the tlovclopnient of these Imcteria. For example, it Is found 
tluit the amount of nitrogen accumulated in the soil of the Park, 
which has teen in gmss from time imiiieinoml, shows no 
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tendency to increase and is but little higher than the proportion 
in the soil of other adjoining meadows which have only been 
laid down to grass for thirty years or so. Again, in the Broad- 
balk wheat field, the plot which receives farmyard manure is 
supplied anmxally with far more nitrogen than is removed in 
the crop. During the earlier years of the experiments there 
was in consequence a rapid rise in the proportion of nitrogen 
in the soil, but this rise has diminished, and has been latterly 
Iw no means equal to the annual increment of nitrogen. A 
state of equilibrium is eventually attained, when the destructive 
agencies find the conditions so favourable for their develop- 
ment that the quantity of nitrogen compounds broken down 
to the state of gas becomes equal to the surplus of combined 
nitrogen that is added year by year. 

III. — Niteatks in Cultxvatkd Soils. 

Tlie nitrifying organisms are in the main present only in the 
surface soil which is subject to cultivation ; at depths greater 
than 9 inches from the smface the organisms become more 
scanty and less effective in inducing nitrification in a suitable 
medium. Duiing the sampling of several of the Eothamsted 
soils Warington took advantage of the pits dug into the 
subsoil to obtain small samples of the xmdisturbed subsoil, 
portions of which were then introduced into solutions capable 
of undergoing nitrification. It was found that the nitri- 
fying organisms were present in all the samples down to 
9 feet from the surface ; at 6 feet, where the subsoil was clay, 
half the samples failed to induce nitrification, at 8 feet the clay 
subsoil showed no evidence of the presence of nitrifying 
organisms. Whenever the subsoil passed into the chalk rock, 
which in one case extended to within 5 feet of the surface, no 
nitrifying organisms were found. Practically the whole of the 
nitrification going on in a comparatively close soil like that of 
Eothamsted takes place in the first 9 inches which gets 
stirred about and aSrated by the action of the plough. 

It will now be realised that the most fiivourable conditions 
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for nitrification o<-(nu- when the land is siiftjcclfd i'» a Uaiv 
summor’H fallow; flu* land is la-in;' tht»ri>u;,ddy woi'k<'d, tiu* 
temperature is high fhr(»ugh the ciimj»let»* exposure to the sun’s 
rays, and the soil also retains snllieient inoistun* for nitrifu'ation 
IxHiauHO it is not heing dried by the gnavlh of a erup. Tie* 
favourable results neerning from a bare fallow on strung land 
have alretuly been tlisetissed, atul though flaw are in par! «iue 
to the freedom from weeds and the improved tilth of the soil, 
the main effecst must be attribiiletl to the aecmmulation of 
nitrat(^s during the smniner. 

The following table shows tin* ntnoun! «>f iiifrogeu as 
nitrate found in vnriotis liotliamsti**! soils after faliowitig 
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The aceumulatif»n of nitrates in the suifnee soil «if the 
uncropped Ian<l as tlie summer iwlvaiiees is to be seen very 
plainly from the ftgur(‘S : tlio lowest ammint of nitmtt^ was in tin* 
March sample, and both the July samples were jssjrer tliait that 
drawn in October, In October also the contitiiiotts %vln*al latnl 
laid been broktm up, and nitrification tints sUutcsl afresln It is 
also plain that the fallow laml was much richer in nlf rates ftian 
the plot which had been under conitnutms taxip, although !h»* 
accumulation of nitrates was greater on the last plot where titt' 
land had been manured and was in good condition than tat the 
other ploto, all of which had long been tinmanurtsi 

It has alimdy been pointed out in dealing with the wheat 
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crop (p. 63) that the increased crop after fallow is almost 
wholly dependent on the retention in the soil of the nitrates 
thus formed in the summer. Should a wet autumn and early 
winter succeed, the nitrates are washed so far down in the 
subsoil as to be out of reach of the crop, which then shows a 
very small return for the previous summer fallowing. 

The rapidity with which nitrification may take place after 
harvest is also noticeable in the table. There is plenty of 
evidence that for three months or so before the removal of the 
wheat crop the soil in which it is growing is practically free 
from nitrates, but if rain falls when the ground has been 
broken up after harvest the conditions become extremely 
favourable to nitrification, because the soil is warm and well 
aerated by stirring, and possesses a suitable degree of moisture. 
Hence heavy autumnal rains, before the land is again occupied 
by a crop to take up the nitrates, may easily result in serious 
loss to the land, and some quick-growing covering crop like 
mustard is valuable, because it seizes upon the ready formed 
nitrates. At a later date the nitrogenous compounds the 
mustard has formed from the nitrates, which would otherwise 
have been washed away, are returned to the land, either by 
being ploughed in or fed off, and become available on their 
decay for the nutrition of the succeeding crop. Even a free 
growth of weeds on the stubble will diminish the loss of 
nitrates to the land. 


IV. — Nitrates in Manured and Cropped Soils. 

In several instances, as, for example, in the Broadbalk field 
in 1893, soil samples have been drawn to depths of 9 feet, 
and the distribution of the nitrates in the successive 9 inches 
determined. Table LXXVIII. shows the results for certain 
of the plots sampled in October of that year, after a very diy 
summer yielding a crop much below the average, and also after 
a fall of about inches of rain between harvest and the time 
of samplii^. 
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bacteria. Tlnn (opinion in also l>orn(* out by tin? fa«;t that tho 
drain-gauge with soil 00 inchim deep yields pmcticjnlly the 
mune amount of nitrate as the shallotver gauge w’liifre the soil 
is only 20 iiKjhes deep. Fr«»in this it follows I hat t he nitrate's 
to be tbnnd in the Iow(*r depths of the subsoil are all derived 
from the surfaoi;, and have iKion washtsd do%vn with the roiii. 

It will l»e noticed that in most taises shown in the tahle the 
second 9 inches contoiiiH a larger anionnt of nitrates tlniii the 
surface soil, in some insbinees oven the third 0 inchei are richer 
than the surface. This is merely due to the downwanl ilis- 
placemont of the nitmtos produced after the harvest by tho 
heavy rain wliich Imd fUllon imiuedtately Imforo wtiiipling. It 
will also l>e noticed that in several cases thert? is a br«*ak in 
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nitrates. Such a break in composition is not seen in the 
samples drawn from other fields which are not tile-drained. 

The character of the manuring applied to the surface soil is 
well seen in the amount of nitrates in the subsoil ; for example. 
Plots 5, 6, 7, 8 form a series, all getting the same mineral 
manure, but Plot 5 has no nitrogen, while Plots 6, 7, and 8 
receive successive increments of ammonium-salts. Down to 
the depth of 9 feet the samples contain nitrogen as nitrate in 
approximately the same proportions as it is applied to tlie 
surface in the form of ammonium-salts. Again, the total 
amount of nitrogen as nitrate contained in the whole depth 
l)elow Plots 6, 7, and 8, as compared with that pi-es('.nt hclow 
Plot 5 receiving no nitrogen, is much the same as tlui (quantity 
of nitrogen applied as manure less tin* iimount r(‘move<l in 
the crop of 1893. 


Table LXXIX.-— Av’if/w/f!//, Ih. jx'r ncrc, I89:{. 
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1 112 '0 

96 •» 

102*0 

Nitrogen supplied in Manure . , . j 

i 

4n 

I 

129 

Stl 


* 7i 




Thus we have evidence that practically the whole of the 
nitrogen supplied as ammonium-salts is nitrified during the 
season of growth of the wheat, and wliatever is not removed 
by the plant gets washed down as nitrate into the subsoil, and 
may be either intercepted by the tile drainage, if any, or find 
its way into the general stock of underground water. Just in 
the same way the nitrate supplied to Plot 16 in excess of the 
requirements of the plant gets also washed down to a consider- 
able depth in the subsoil. 

The krge quantity of deep-8®a,ted nitrate shown in tlie 
analyses is no longer available for orops on the Rothamsted 

p 
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soil, probably becauKC tin* cloHeiu'HM of toxtiin* Init 

little cjipillary movement of water to tjike plane. TIiik wi* 
learn from tins comi>ariH(jn of the yiehlst im Phit a, r«*eiviii }4 
miiunulH l)ut no nitrogen every year, and on Plot 17 or IS 
which receives alternately juinerals and uinrmnunm-Hfdls. As 
has already been pointed out (ji. bl), in tins years this plot 
I7 or 18 receiveis minerals but no nitr«»gen, its ert>p sinks 
almost exfustly to tint levtd f>f the crop on l*!ot », although it 
had received 86 Ih. of nitrogen as aminonimn sjiits tlie year 
before. Clearly, then, on the Hothatiisteti soil atiimt»iiii«n salts 
are not roteined as such for more than the season of npplica 
tion, nor are the nitrates resulting from them able to WJtunt to 
the surface to feed the succeeding crop. On other soils of 
hotter textimt for allowing the niovenicnts of water l>y ctipH 
larity there am l)e no doubt that the nitrates in the sulisf>ii 
water will return to the suifiwe anfl Ite of stjrvico to tli© crop. 

It must not bo supposed, however, that dressings of 
manures like nitmte of soda and sulphate of ammonia, wliiffh so 
readily wash away as nitrates, are entirely witlnmt actitm on 
the 8uccee<ling crops. Because of the very fact t hat they cause 
a Iturge growth, there is left liehind in the soil a corre- 
spondingly krge development of root and stubble, which will 
»lecay for the benefit of succeeding crops. Ks{Hic!ally is this 
the case where some considerable proportion of the crop grown 
is not harvested, but is returned at once to the land, as is done, 
for example, with the leaves of mangels or the haulm of 
potatoes. A striking example is seen at Rotliamsted, on tin*, 
plots which grew potatoes for twenty-six years, fttmi 1876 to 
1901, and were then sown with Isirley without further manuiittg. 

Table LXXX. shows the totd pmduce (g^win and straw) 
of the first and second cro]at (barley) and die ihirri crop (i«ts), 
after the manuring had been diosontinued 

It will be a^n diat the ehan^ from potatoM to btwtoy was 
foUowed by enormous crops of grada wherever niircgmiotis 
manure has been used for the potiftoes ; dbe two pkits which 
lad previouriy been dunged ^ve over 70 bushels dt gradn per 
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acre ; the foiu’ plots which had received nitrogen as either 
nitrate of soda or ammonium-salts gave somewhat less, but 
still over 60 bushels ; Avhile the four plots Avithout nitrogen in 


Table LXXX. — Total proiteed without Manure, follovdng Potatoes 
manured for 26 years. 




Lb. per acre. 

Plot. 

Manure appiie<l to the Potatoe.s, 1870-11)01. 

Barley. 

Oats. 



1902. 

1003. 

1904. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

' 10 

Unmanured 

Unmanured, 1882 and since, previously Dung 

Dung alone, 1883 and since 

Dung alone, 1883 and since 

86 lb. N. as Ammonium-salts .... 

86 lb. N. a.s Sodium Nitrate . . 

86 lb. N. as Ammonium-salts -}* Minerals 

86 lb. N. as Sodium Nitrate + Minerals . 

Superphosphate only 

Complete Minerals 

3602 

3804 

9024 

9072 

6981 

7692 

7792 

8253 

3720 

2953 

1063 

1836 

6030 

5937 

2066 

1934 

3207 

3187 

1617 

1586 

2331 

2129 

5492 

5974 

2211 

2236 

3024 

3045 

2089 

2056 


previous years gave between 25 and 35 bushels. In the 
following season these differences were still to be seen, and the 
leading position of the previously dunged plots was naturally 
more manifest than ever ; while in the third season (oats) after 
the manuring had been discontinued, the order of the plots 
remained the Same, although only the dunged plots now grew 
a large crop. 

That the increase on the plots which had previously 
received nitrate of soda or ammonium-salts was due to 
crop residues rather than to the return of nitrates derived 
from the manure and stored in the subsoil, is probable from 
the superiority of the crops on Plots 7 and 8, where minerals 
had accompanied the nitrogenous manures, over Plots 5 and 
6, where the same nitrogenous manures had been used alone. 
When residues are being cropped out, the size of the cereal 
crop grown is almost wholly determined by the available 
nitrogenous supply, and Plots 7 and 8, which formerly grew the 
larger crops of potatoes, give better yields than Plots 5 and 6, 
although they had initially the same supply of nitrogen. On 
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tliC other hand, ihe rajad dfcdiun in the prudnetion of Plotn 
f), (>, 7, and 8, following the iiiscontiutianee ijf the Jijiuiure, in 
more consistent with the existence of a resitlue t»f nifratt* 
ratlier than of slowly-d<*caying organic material dcri\cd from 
the liaulm of the potatoes. 

Soil samples down to a depth of mx times 1* iiH'lies were 
take.n from some of ihesi* plots in Fehrnary HMKt. afler the first 
l>arl(!y crop had heen remove(l. The following lahh* ,shov%.s the 
avisrage figures ohtained. 

TaIOiK LXXXl. — Niii’iiiji'H fi-H NUi'ntrx pi r milium in r/ry I'iiiit nf furmr.,- 

PoMu Phifn. 
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In this awe the samples were taken in the early spring after 
a winter of fair rainfall, wdiich had distrilnited llit* nitrates 
throughout the soil ; the total, however, |>res«*iit in t he first »ix 
depths roughly coiTesfKinds to tlie variations in the Iwrley crofi 
of 1903 whieli followed. 

One striking fact in connect uai with these and sttiiilar 
detenu illations, is the ahscnce of any lateral difftwioii of tin* 
nitrates in the subsoil water beneath tin? plots. The Broadbulk 
wheat plots, for example, are compiralively narrow, being aliotit 
7 yards in breadth, separatcti by paths of 4 feet in width. Yet, 
as is seen In Table LXXVIIL, Plot 5, whiedt rwafives no 
nitrogen, shows no trace of the influx of intrak*s by difRwion 
ft*o»n the much richer sulsa^il water telow tlie imiiiwliately 
contiguous Plot 6, even down to the ilepth of W feet. Just 



NON DIFKrsiON OF Xn’RATFS IN SOIL 

ill t he sanH* way tin* aimamt of nit rat (‘h pr<‘Kcn»t at i‘a('li <1<*|)|}| 
in ihf water Itriow PUtts 0, 7, aial H, ia perfeclly 

distine! and eliaracteri.Htic of tlH‘ inannriti^ applied to the 
.Muface. 

Additional evidence of th«' lack of lat«'ral dilfuaion of tin* 
nitratc'H in the wtil water in to he seen in the pinniianent grasH 
plots; aithoueh nt* |»idh separates tin* phtts reeadvinp; nitrate of 
soda from the neighhoin'injj; plots, the <'haraef(‘risti(! vegetation 
imluci'd hy tin* nitrate of soda ninnnring shows no l(aidetniy to 
stray across the division lim*. For exainph*, Plot M, recadvinji 
a eonijilete manure eontaininjj; aaO Ih. per a<!re of nitrate of 
soda, is iimne<iint«’ly eontipions to Plot 1, receiving nitrogen 
<»nly as annuftniinn silts ; the vegetation on the two plots is in 
marked eiuitrast. yet the dividing line is singularly sharji, ami. 
despite the many yeais Plot 14 has reeeiv<>d this large dressing 
of nitrati- of soda, there is not the least sign of its dillhsion into 
the sithsoil helow the adjoining plot. 

V. Thk Nnnvri's is- I)ii\is\i;i W vTiaw, 

The jtroeessi's of niirifif-atioii in soils can also lie studied hy 
the examination of the ilrainage wati*r heneath enltivate'l land, 
It has long hei*n known that all the solnhle eotn|»onml« of 
nitrogen are retaiin'd hy the soil with the exception of tin* 
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Neither tlu! pemilation nor the ijitanfiiy of nitr«i|L,'»‘ii 

removed differ much for the 40-ine!j and the (JO ineh ; hm 

owing to th(^ {'reater amount of water retained l»y the deeper 
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from month to month in both the concentration of the drainage 
water and the loss of nitrate. The concentration is at its 
lowest in February, a time of year when the soil is still at a 
very low temperature and has been thoroughly washed by 
the winter’s rains. In April the concentration has increased 
but little, and this combined with a smaller percolation 
results in the minimum loss of nitrates for the year in 
this month. The rise in concentration is still slow until 
July, when there is a considerable jump, the concentration 
reaching its maximum in September. The maximum loss 
of nitrates comes as soon after this point as the rain- 
fall is abundant enough to wash through the soil; on the 
average the greatest annual loss of nitrates takes place in 
November, from which time onwards both concentration 
and total loss diminish. All these results refer to soil 
Avhich is kept bare and uncropped, where in consequence 
the percolation is at a maximum, and where also there 
are no growing crops to take up the nitrates as they are 
produced. The effects to be seen under more ordinary condi- 
tions can be followed in the analyses of the drainage waters 
from the Broadbalk wheat field, under each plot of which runs 
a tile drain at a depth of from 2 feet to 2 feet 6 inches. These 
drains all debouch into a cross trench at the bottom of the field, 
and a record is kept of the occasions upon which there is any 
flow from the drains. Determinations of the nitrates contained 
in the waters are also made, but as it is impossible to with- 
draw an aliquot sample of the whole flow of the drain, and as 
also during any particular running the concentration is always 
changing, the earlier discharge being sometimes stronger and 
sometimes weaker than the later, it is impossible to make any 
exact account of the quantity of nitrogen removed by each 
drain. By combining, however, the results obtained over the 
whole period of the determinations, an approximate idea of the 
concentration of the discharge will be obtained. Other con- 
siderations lead one to suppose that the discharge fi^om the 
drains does not represent, either in quantity or concentration. 
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the water that may he suj»jMif«efi t«» jiass iiito tlie fniilisitil at tin; 
<h!pth of the drain. 'I’he rcrtults, however, nr** prohalily eoiii- 
paratively tru(! from plot to plot. 

Tahl<! r.XXXlI. .diou.s tin* iHfiatie eoneeutratiim <if the 
nitrate.H in the drainage water from four of the nheal pha.**, and 

’I'aW.K l/XXXn. XilfiKjmt jii'i' iiiitUmi Ilotttihifll; //aoh»<i/. 

m,tn- 


%SrpteiiilM»r 

Jartuary 
Fcbniary 
Marc*li * 
April - 


JltlM* 

My 

Atipiit 


'I’able LXXXIII. the average tminher of ilaya in «m;Ii inoiitli 
on which the draina of t he name plot a run. 


Table LXXXIII 
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ConHideriag firafc the uniiiaiuired plot, l»iit little dwlnage 
takes place daring the summer monthi, May to August, l>eaui«e 
of the diying action of the crop upon the hind. At the same 
time the concentration of such W'ater m docs find its w'ay 
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through into the drain i.*4 vi*ry low, >o tlioronghly havo tho 
nitratrH l«H‘n ronutvod hy tho growing |'Voiii Sc{if«ini»fr 

onwanls ho-wt-vor, to Fohruary, th<* roitfont rat ion of thi* WjUcr 
in tannjwmtively high, and as tin* drains hcgin to lam friidy 
♦ hiring this jwriod wlnai tin* crop is tdl' tin* grouinl, groat lossos 
of nitrato nro likoly to oornr. Xitrification goos on thronghonl 
the wintor; oviai in yoars whon tin* raitd'all of tin* oarly nntuinn 
is so cxcossivo as to wasii tin* soil oloan of all nitralos prodiicod 
♦luring thf! first nitrification hillowing tin* rcnntval of tin* crop, 
yet fresh nitrati’s an* siiH pn»din*i*^l in l■♦nlMi♦|l•ral»ll• ♦juaiitity, 
ami find lln*ir way into fin* ♦Iraiiis in Di*<*i’ndii*r ami .lanuarv. 
Nothing, in fa»’f, short of tin* ahsoint** freezing of tin* ground 
stops tin* prodnefion of nitrate and its (■♦»nsi*cjtn*nt loss wJicn 
♦•ver fin* rainfall is heavy enough to wash through into fin* 
snhsi»ii. 

Cjf tin* results tihiaim*d «<n fin* ilrainage wafer fn»m the 
inamired plots In* i‘.\afiiined. if w'ill he seen that nitrifteation 
of niaimres like nnnnoninin wilts is extreineh rupiil ; if there is 
any percolation, nitrates begin to apjnar in the tlrainage water 
iinnicdiiifely after the appliralioii of tin* inannri*. Even in 
antiiinn an appHeation of atniiionintn salts is converfeit into 
nifrali* in a ven* short tinie. as may In* seen fi'fiin the following 
aeries of analyses of the wa!«*r running from fin* tlrain below I’lof 
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Nitrification had also set in, siitcc tlio oarlicst riuuiinii coit 
taincd nearly twice ns much nitric nitrogen as was found in 
the sample taken a fortnight earlier, l»efore tlie npplieatinu 
of the manure. Tin* proportion of nitrate (’ontiuue«t to 
increase, and reaelnal its maximunt in the iHseharp* three 
weeks later, hy whi(;h time the nitrification of tlie aniinotuuin 
.salts must have been far advanced towards its c«iinpletioi». 


'I'aiiI.K I>.y .XXtV. ““.V/Vw/* /* iiiid f'hlotinn in Ihnimyr Wnirr/rn-m 

la. -pi^r miiiimu 
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The last column of the Talde shows the relation lad ween 
the nitric nitrogen and the chlorine in the drainage water. 
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as is now more generally the case, the losses of nitrates 
3i*y much reduced ; not only is the temperature of the soil 
, so that nitrification takes place more slowly, but the 
ng crop both diminishes the percolation and takes up the 
es as fast as they are produced. The figures, however, 
lot 7 and Plot 9, Table LXXXIL, show some I’ise in the 
ELtration of the drainage water in the early spring, follow- 
lo application of manm'e. 

y combining the figm'es obtained for the concenti’ation of 
v'ater flowing Jfrom the Broadbalk field drains with the 
.nts of water percolating through the drain-gauge con- 
ig 60 inches of bare soil (see p. 22), an estimate can 


JIj'E LXXXV . — Nitric Nitroi/rn in Drainage Water. Lb. 'par acre. 



187‘J 

-80. 

1880-81. 

Manuring per aciv. 

Spring 

Sowing 

to 

Harvest 

to 

Spring 

Spring 

Sowing 

to 

Harvest 

to 

Spring 


Harvest. 

Sowing. 

Harvest. 

Sowing. 

lU nnaanured 

1*7 

10-8 

0*6 

17-1 

MLinerals only 

1-6 

13-3 

0*7 

17*7 

MLinerals + 200 lb. Ammonium-salts . 

10-1 

12*6 

2*2 

19 ’8 

X)o. + 400 lb. do, ... 

18-3 

12*6 

4*3 

21*4 

Do. +550 lb. Nitrate of Soda . 

45*0 

15*6 

15*0 

41*0 

400 lb. Ammonium-salts alone. 

42*9 

14-3 

7*4 

3,5-2 

400 lb. do. + Superphosphate . 

400 lb. do. do. and Sulph. Soda 

28*3 

17*7 

3*4 

29-5 

21*2 

17-5 

3*3 

27-2 

400 lb. do. do. and Sulph, Pot. 

19’0 

16*4 

3*7 

2.5-3 

400 lb. ^ 0 . do. and Sulph. Mag. 

J^dtinerals + ^0 lb. Amm. -salts in Autumn 

26-0 

16*8 

4*2 

25-9 

9-6 

59*9 

3*4 j 

74-9 

Estimated Drainage — Inches 

11*1 

4*7 

1*8 

18-8 


>niied of the losses to the land by drainage under each 
m of manuring, an estimate rendered erroneous because 
>es not take into account the drying effect of the crop, 
ever, the figures thus obtained, though imperfect, are 
active, and are set out in Table LXXXV. for two years, 
divided into two periods : first, ficom the date of sowing 
nitrogenous manures up to harvest ; secondly, from harvest 
d. a^ain to the sowing of the manures in spring. 

."’Ine seasons were rather exceptional, the summer rainfall 
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and drainage in IH7{) and the winter rainfall in the fitlhaving 
year being both above the average. It will bt* .seen that tin* 
loss wasgiHUite.sf from Plot it, reec'iving baO lb. of nitrate of .'•oda. 
and this excess of loss was eliiefly in the sinimier drainag'* 
water: the figures are, however, exaggerated by the fact that 
half th(‘, nitrate plot received no mineral manures, and therefore 
gnnv but a scanty croji. I'ln: losses during the winter months 
art' more nearly the same for all plots, and represent to a large 
<iegree the nitrification of the organic residues in the soil. Tin* 
lo.sses from the jdots receiving minerals ainl vaiying ninounts of 
ammonium-salts (Plots a, tj, and 7) inen-aswl with each apjdiea 
tion of nitrogen ; the losses from the plots receiving ammonia 
and various mineral immures (Plots 10, II, 12, PI, and 14) 
<liminishe,d as the mineral manure hecame a more eianpleti- 
plant food, because the f^*e4iter growth of crop %vhicli resulted 
removed more of tlio nitrates as they were forming lie.sitles 
hindering nitrification by drying the surface soil 
C Perhaps the most striking result that emerges from tlu*se 
aiuilyseK of the drainage waters is tlin rapidity with which 
nitrificjition takes place of such suhstauw's ns tint salts of 
ammonia; even in the colder autumnal and winter soils 
nitriftcjition is so Jictive that great losses of nitrogen are sure to 
occur if such manures are applied in the aiitumn, lienee the 
justification for using ammonium-salts only as a spring flressing. 
It also serves to show that any diflrerences in the effectiveness 
of the nitrogen of nitmte of sishi and of aminoniHin -salts is 
most likely to be <lue to the ilifferences in habit of growth 
of the plant induced by the tw'o manures, since the conversion 
of the ammonium-salts into nitmte is so imsiiy and completely 
effected except in such soils as are short of the Imso necessary 
for nitrification. Only in the wheat experiments i« there 
any indication that a wet and cold year may so cheek 
nitrification as to make the aminonhim -salts a less valuable 
source of nitrogen than usual. Again, we see how c®r»lii, lUid 
especially whmt, are g^cmliy depentlent on artificml supplies of 
nitrogen, and have the character of Iieiag exhaaitlog 
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Their growth is almost completed before nitrification 
ed its greatest activity (from flowering time onwards 
Js take no more nitrogen from the soil), and being 
I in August or eaiiy September, they leave the ground 
, time of rapid nitrate formation, thus exposing it to 
5ks of washing away by the autumnal rains. 


— Other Constituents of Drainage Waters. 

)lete analyses of the mineral constituents of the waters 
from the various Broadbalk plots were made at various 
the late Dr Voelcker and by Sir Edwai’d Frankland ; 
dyses still constitute almost our only information as to 
ises of the land liy drainage. 

! LXXXVI. gives an average of the five analyses 
ring the years 1866, 1867, and 1868. 


XXVI . — Composition of Drainage Waters from the Broadbalk 
t Plots, in parts per million {Dr A. Voelcker). Mean of five {or 
1 Colleetions — December 6, 186G ; May 21, 1867 ; January 13, 
21, and December 29, 1868. 
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0*16 

16*1 

77*4 

476-1 

98 ‘Ir 

5*1 

1*7 

6*0 

10-7 

24*7 

6*b 

10*9 

0*12 

8*9 

87-7 

246-4 

124*3 

6*4 

6*4 

11*7 

11*1 

66*8 

0*91 

15*4 

0*13 

5*1 

60*1 

326*0 

143*9 

7*9 

4*4 

10*7 

20*7 

73*8 

1*54 

24-7 

0*20 

8*5 

84*6 

407-0 

181*4 

8*3 

2*9 ! 

10 * 9 ; 

26*1 

90*1 

0*91 1 

17*0 

0*07 

14*0 

92*6 

492*4 

197*3 

8*9 ^ 

2*7 1 

10*6 

89*4 

89*7 

0*17 

20*9 

0*27 

16*9 

110-7 

648*4 

118*1 

5*9 

4*1 

56*1 

12*0 

41*0 


10-6 

0*24 

18*4 

99*7 

423*9 

154*1 

7*4 

1*9 

7*1 

82*0 

44-4 

1*44 

18-7 

0*08 

13*9 

87*0 

406-9 

165*6 j 

7*8 

1-0 

6*6 

81*6 

54*3 

1*66 

11*3 

0*17 

15*3 

83*9 

425*9 

191*6 ! 

6*6 

2*7 

24*6 

30*9 

96*7 

1*26 

17-9 

0*30 

15*1 

96-6 

580*9 

201*4 

9*8 

8*8 

0*1 

86*6 

86*9 

1*09 

28*3 

0*16 

17*4 

100*1 

644*3 

226*7 

11*6 

1*0 

5*6 

89*4 

99*7 

1*01 

14-0 

0-09 

19*2 

121-6 

598*6 

201*1 

7*9 

5*8 

14*8 

24*6 

123-9 

1*54 

22-1 

0*11 

24*2 

87*6 

585*3 

117*1 

5*8 

2*4 

5*1 

11*4 

21-9 

0*91 

17-0 

0*09 

7*0 

75*4 

286*7 


egaxds constituents of manurial value, it has already 
bed that practiailly no nitrogenous compounds occur 
age water except the nitrates; phosphoric acid is 


NITRIFK NATION 


also prcsi'iit. in but Hinall iummutn, even in the plcit.s reeeivini' 
41 gnait annual cxccrh of this .suhnlanta*, wliile potash Ha« 
found in slightly greater quantities. The mean anmui! h»ss, 
howevc'r, cannot be eHtinuitcal at more than about 2 Hi. of 
phosphoric acid and 10 lb. of potash per acre, both of uhieh 
in Tjorinal c^ihch W(»uld bt* arr(*sted in tlie subs(»iJ below iln* 
drains. Dr liernard Dyer’s ajinlyses of tbe Hothasnsti'd soils 
and subsoils would also indicate! that all the exf’c.ss i»f phos- 
phoric acid, appliwl as ’a manure ainl not reumved in the 
crop, still nunaiiiH in the soil veiy near tlie surface, the |w»fash 
having sunk a little further, and being present to st>ine dejjree 
in the third depth of© inches beh»w the suiface. 

The chief constituent of tlu! drjiinagt! wattir frotn the 
umuaimred plots consists of ralciuni carbonate, the amount «if 
which is increaH(al in the water from the dung<jd plot, tjwing to 
the great(‘r |)rodiu;tion of carbonic aidcl from tlie «lemy of tin’ 
dung and crop residues. Where aimnoniuin-salts like the 
sulphate and chloriile are applie<l as a manure the soil suffers a 
great loss of calcium carbonate, the calcium licing remove*! in 
the drainage water combine*! with tin? sulphuric; or hydrochloric 
ftcid of the immure. This reaction is the m;cessary pre^!«**lent 
to the arrest of the ammonia in the will and its suhsecjiieru, 
nitrification. In the absence *»f a stifitcieiuy of mleitim 
carbonate in the soil to bring alMiut this rmictbti, iiinmcuiiiiin- 
salts become injurious to plant life. The salts of potassiiini, 
like the sulphate and chloride, nmy also incrciuwi the loss of 
calcium carlxmate to the soil, for they rea<;t with it in the same 
way as do the ammoniuni-salts, forming calcium siilpltatc* ami 
chloride, which are no longer retaine*! J»y the seal. 


P 
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s»iil taken at vnrionH inl<*ivul« Imtwecin 1865 and 1604 itulicalc 
tkal on the tininatnired plota the normal Iohh of caleinia 
in the dminage water anumnts to about 1000 Oih. 
{ler acre. When ainuioiuutu-sadtH are uaeil m ji manure, tin* 
Itwrt is inereuHed by the amount requiretl to coniljiiu! with tln^ 
eoinl»inctd aekl in tin; manure. The calcium carbonate, how- 
ever, which i» required for nitrilktation, getn returmul to tht‘ 
soil by the g:rowth of the plant itHtdf, and by the <l«C!ay of 
cnlcium compoumla in tins crop reHiduea, 

Ill'Ll- 11 rn 

** ih% Nilrifiriitiiiii (1C, Wuriiigluii). Trmm, ( hrm, AVwb, 33 (IH/H), 41. 

“ dll Nitrifiriiliiiti,** Furl. II. f'lL Wurifigtitti), Trunn, (*hrtih »SW.| 35 (IK79). 

■'Mill i*itrt III, fiC. Witriiiglini). Tram* (*hrm* StH\^ 

t III llir *if f -Vilrifyiiig i hj^mnhtm In iht! Hnll (II. Wuriu^lon). 

Tmn*, C'lrifi. §1 11^. 

Furl IV,. fli. IV^rlrtglffti), Tmm, i*hm, »Vrr., 5© 

IMF 

llir Aiiniiiiit »tifl C i^f Un* |C«iti mitl ilraiiiugi* Wiitrrn nil- 

Irrlrtl ,«l 1%. *%,♦%#%, 42 (IHBI), 24t niitl All; 

uiifl €1 I . Nil IH. 

I)rirrttiiiiili«it% «f Nlimurn ill tlir Siillit uf wimc nf Ihi* Eijirrlttiryiiil 
Firirlt .iiiiti itir till! llr.iiMllii m» th^ 

llir Ntriirrmiif llir Nllriigrii tif riyr C!rn|ii.** Ilrjwri nf tfiis! AnirriFiiit 
fm' llir of IHM2. tkdkmMtml Mrnwm^ 

i«l, V,* Mil, III 

ilir Frr^iirtH-r Fiiwrr* #if’ In ttckliwi l#» iif Fliiiii-friiiil 

liy llfiin#i||r (A. V*whkrf^ FtiJ.V, Jmr* Ckm* Mir., 24 

I.rrtiirr« m% itir lii'¥r*tl||«tin#i% ml Kxfi€*rlt'tiritl«l Hliilkiii, 

ilrll^rfr*! itiitirr ihr nf lti« ijifrci AurkyltnrAl Tmili liy li. 

FJili,, tiwrfiifr llir nf Attirrlrmit ^grlmlltirnf 

t'filjrfr* •iwi Enfirflifiriil Sl^llwttn, m% Wmfilttgtniii D.CA, .Atif* 

Eii|irfliii»rfit fifiitiiiti iiiUrtliif KfL i, l.^fillnl Htntrs Oi*|»«rtiiiriit 
•if Afnriiflnrr^ 




CilAn’EK XI 1 

THK FKKIHNj; HXl'KUIMIvKTH 

I. Ueliitivc! of KitmgoiiiniH iiiiil CA«i«ititiiriii% t»f 

IL lU^Iatioit of Fooil to Work, 

ni. The Scmree iif Fut hi the Aistm«l Iknly. 

1\*. Uekticni of FchkI Coiinuiiietl to Live Weight Iiterenwf. 

V, Tlu! of OKeii, Hheep, liitd !%«!, aiiri of tlirir Iiirrtm^r cltiriiig 

Fiiltenhig. 

VI. The Manure Value of Fuiak. 
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Keferenceii. 

I.-~RiXATIVK VaU'K Of Nn'U«n;KMit>i aNI> NoN-MTlUHiKNol h 
(JoNHTITrKXTS ftf Fo<t|». 

At the (bite of the iiieeptioii of the KothaiiiHteil Kx|>eritiient.H 
I'ven less was known about the laws of the luitrition of itniniais 
than of crops, though the question luui oxciteil iiiortunterest i»n 
the Continent than in Englaiul Here attention had lK?en in the 
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vahifK” nmy 1»<* instancfil ; in 1H05) In; puhliHluHi a talili' nf all 

tin* <’att!«‘ Iboiis, ran<'i'tl in ordar nn<l ninrkad to show 

1m»\v murh of <‘a(:lj wa.s «'<{uivah‘nt to 100 pirtH of hay fakiai as 

a Htaiulard. 'FhaiTK hay vahu'.H wtnv hanad {(jirlty on hi.s (nvn 

<'X}»Ti(‘Hco a.H a piwfiaal mail ami {Kirtly on altainpfH, very 

imjMTfcft in the than Hfafo <tf ahaniiaal knowhul^a, to tiHtiinata 

hy analyai.Htha nutritive aonHtitmml.sof the foods. Boussingaulf 'h 

invastigalions ware the earliest serious attempts to apply seimi- 

tifie prineiph's to tin* feeding of animals; the imjiortance of the 

nitrogenous const it Hants of f«»od had now heeonn* (dtmr, so his 

first work eonsisted in detcTinining the proportion of nitrogen 

present in a large numher of feeding materials, Uarefnl 

praefiiid trials %vi*re then made with a few .selected foods, and 

as a r<‘sult h«‘ piihlished a revisiMl tahle of hay vaim*H, Itased on 

the amount of nitrogen the fooils contained, and tdiecktsl tt» 

some extent hy his jirai'fiea! experience, IRs experiments iiul 

Iloussinganlt to bring iittn proniinwicft tin; non*nitrogenouH 

cfinstiltieiits j>f food, hut in gtaieml his conclusions were tluit 

the co«i{»arative vidui's t*f fmal stuffs are determined rather hy ^ 

their nitrogenous than hy Ilnur inm nitrogmions eonKtitmmtM. 

In this suhject Boussinganlt's was the pioneer work, nml 
l.ieliig, who in many resjwcls must he reganled ns the 
originator of any general theory of animal nutrition, in the '» 

niiiin iirrivfsl at liis dednc?tions from BottSMinganlt's results. 

Liehig also, and jaTliaps even more strongly than Boiissingatilt, I 

liMiked at ilie nitrtigeiioiis nialter as the most important 
I'onstitnent of f««sl fc»r the pnshictioti of hoth increase and of 
work, I 

111 lliii position %i*ns the s*rieiice of aittitial inilrition when * 

laiwes iitnl tjillieri Iwgiiii their exfsirtmeiits on feeding, ami I 

naitiraily the dir»*ct!on their exjstrimimts tisik was mainly 

•i - , * . -■ i * * .1 » t » , f ttt . „ , i ... .*.11 
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prates ituil sifli* wax thu?* priiiiiiji<’!i} ; ili«*y ««t«* trviia^ ?»t a 

sdicjitiJk’ ItitsiH In t!i»* «urk «»f th«' urazi»’r l»y a«’i-!l.'U!tini' f«» 
what Hoiu’fc fla* iia-rraHril wriy'ht i»l' iti» aiiiiiial uan «!»»•, hihI 
how it jjui^h! 1m* pruiiufcd ijjohI raiiiiily itiai iM’itnojoiralh. 

'rjji! hrMt Hii (»l‘ tVi'dinn l^xj»(>ri^li(*n!‘« at 
with {h«’ rolati<iii holwoon t'oi«i crajHiiiaal atal liv«* woif'hf 
iiicraHHi* |»ro«hic’«*it. S(‘li*cfi*ii p«*iiH of f In* variouH aisimal'* wit** 
It'll upon Hpoftfii'tl ratiitnsof tliffi'i’ciif footls, *»m* of’ whii'h was 
always ft‘«l nd Hhitum, ho ihiit tlit* oxatl l•olllpoHilioll of thi* 
ulliniatt^ I’jitiitn was ilflcrininfil Uy flu* aniinal it hi*}!'. 'Hu* 
nil rogoii lilt* 1 «lry nm!tt*r in tin* food tva.s th'forniinr'd. atnl iht* 
woiglit of inanim* pi'othiwl hofh in a frosh itial tiry oontiiliiai 
wan tisntiilainntl. In all, itboiif fMKf slttHtp wnn* fniplityial in 
f,ht; »?x{H!riiiii}nts, UM) piga, anti IfW) oxtni, many r#f tha lattiT 
hoing fattontal on the Diiko of Bwlfortl’a farm at Wnlairti. 
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when onco tho iKKtcKHjiry minimtirn of iiif.roj^nnoiiH tunffor in tlus 
rntiori fiad hcan Tin? ratioiiH f<t(i to tins variouH lots of 

pig.H were HO arrangcid an to .supply v<a*y tlitterent proportitaiH 
of nifrogenouH ami starttljy food. rn«omo caneH tluj food wan 
m.aiiih highly nitr(»genouH heaii or lentil meal, in othei'H very 
>..|arehy barley meal or iiiaiz(» wa.s enifdoyed : in another set 



Fi#** in, -4lfy mill Niw^rmni* |>ef icifi III, LH^t^wrlglil 

It lir«li iififl Mr«i» mi l§h 

I* Mr*!, Iipiiini Iteiti mdl Hrail, md- life. 

i. «#iii IlffillsA Maiint M«l» md- 1#, 

It ®«iit IlffiltfJ* ll«l» ad 

$, Ifatfcff Miwit if4 life* 
f. md 1^* 

rtf ttxpeilitieiit#, wjiiml Btmuh m cttijpu’ wm athlied f.o the 
mticiiii. Ifi all cmiwa th« pig« hml wi ad lUntum aupply «f t»tie 
food or other, *ri tliat tlioy caaild regulato tho iiinount and to 
aomo oxtoiit tli« «rtiii|K«*ilkiii of tJieir diet. 



EXI'KIlIMKNTS 


THE l'EKI)IN( 


The (iijigrnin.s Fij's. and -17, .dinw, from Htam* of tlwsn 
rcsultK olitaiiicd with pign, tin* niiHHinf of drv orgiiiiic matter 
required to jn’taluee 100 Ih. of iiuTeaw. and alj^o flu* jiro|jorfion 
{•fit which cun he r<*ek<iiH'{i an itifrogeiaaif* matli'r. 

It will la* seen from fh«*He iliagramH that, Hjjeaking hroa<!ly, 
neither lh{* ami>imt of{irv foial Hiuif reijtjircd for luaintenance 


3. Bean and Lenttl Meal, limited. Maiim Mwi, ad tV>. 

4* B-tmii, limited* Mate Mernl, ml 
§. Barley M«|., mi lUh 
6* Mmlr^ Mmlt mi Uk 


per 100 lb. live weight of the animal nor the amount riMHiired 
, to produce 100 lb. increase in the live weight varied very whlely, 

1 whatever the character of the footls conaumed. The amount 

I of nitrogenous substance did, however, show a veiy wide range 

’ of variation, hence whatever was conaumc«l almve a certain 

minimum could have been repkcetl without Ios« by purely ntm- 















NI'riiOfrEN'OUS Foon AND WORK 24f> 

iiif ru'^'cnou.s tir):;iuiH- !untt«‘r. In utluT \v(tr(i.s, 1 In* non-nitJ-ognnouH 
(“onj|»ou!MD arc tlu* main itcinn to ho taken into account in 
making u{) the valm‘ of a cattle food, whicli value cannot la^ 
i*>tininted on a basis of it.s nitrogen content only, 

n. liKLATOfN or NrmfHiKNoc'H Fo<tn to Work. 

Tin* very .s{t«*cial ini{»ortnnc«^ that wa.s originally attach(!<l to 
tin* nitrogenous con.stitin*nt.H of food was also hci'U in the vie.w.H of 
Liebig with regard to the source i»f the work, <‘ith(n* (sxtc'riial or 
internal, performed by an .•inimal. lie put forwar«l tin' view 
that the amount <»f wfirk dnn<* was determine<l by the amount 
of niirtigeitoijs material transformed in tlm boily, and tlnu’efore 
that it could be measured l>y the amount «>f nitrogen appt'ariug 
in the urine, since the aibuminidds jind other nitrogen (mm- 
p«>unds in f(to(l vvhh'h are »iigi*Hted and undergo cliaiige in 
the animal are l•s^retel! as urea. I^jiwck atid (lilbert, by their 
.studies of human dietaries, w«'re led to (umchidf' that this 
view was mistaken, ami that the fat.H and carbohydratcH, 
%vhieh are oxiilised and leave the bcaly in the r('Hpiration 
produefs. MU{»j»ly the energy for the work pmforim'd in and 
by the ImhIv, Two es|«*riini*iits with pigs, jairried out iii IHM 
aitd iHtig rcsjK'ctively, %vere adduced as further eviihmce. The 
pigs %veri*coufmeil in a frame ; the nitrogen in tin* ftatd and the 
nitrogen exereti'd in uritie {Uid ffcces re.spi'ctively wore 
dfiermined. The food was so mljusted thtU one pig riHs'ived 
about twiee ms iiiueh lutrogeu iis the other (Tnido LXXXVtL), 

The Huimals %verij *»hviously under tapial tsmditioitH as 
regards «*xi*reise, larfh being at rest, yet tti each exjwrimont the 
animal reeeiviiig iht* highly lutrogetioiw dbt excretml rather 
iintre than iwit i* ns much nitrogen as urea. Thus the amount 
of iti!r»^en ill tin* siiiue, which iiuwisureH the ainoutifc of 
albumimmts oxidised, emihl hanlly be taken as a intawtire of 
fbe aitiosnit of work |STfoiniiisl by the rttsjwcdivtt animals. 

The cpiiTsIton was afterwaiwls ^stomnt iealiy attmsked in 
iitrioiis «lirm4ituis by other iiivejttigators, ami ilireet pia«»f 
was obwitneil ilwf ihi* eitei^' rmitiirml Ut carry on work is 
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(Uirivcd froiu fh<‘ uxidatioii of thi* food cotiHtiluoiit.s, oithi'r 
iillminiaoidH, fats, or aarhobydrali's lioing availaido f«>r flu* 
purpose, tliough as a rule the two latter arj* utiliseii. 'lie* 

'J'aiU/K LXXX\'II. /ii'piriminti tft IMhnmM<4 unfii I'i-fn m lHn4 *«</ 

Quant Uks ju'r hfatl per 
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amount of onergy obtainable from each fotx! can be diret iiy 
measured by the heat it will generate when burnt, and prmidrtl 
the aniihal receites enough nitrogenous inatjsrial tft ropitr the 
normal waste of tissue, the energy required to do work tmn I mi 
whoUy derived fifom the combustion of noii-nitrogcnous 
materials. However, when the output of work has to bo rapid 
* and at high pressure, it has been found advisable to incslude a 
' &My hi^h proportion of easily digestible and concontmtcd 


it si 
‘gti 
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■ Sj. It was clear that the fat supplied in the food was in 
i-ny cases, especially with herbivora, insufficient to supply all 
3 fat produced by the animal, and though Liebig on general 
Dunds argued that the starch, sugar, and other carbohydrates 
the food could be elaborated into fat, for some time the view 
IS held that the extra fat could only come from the trans- 
rmation of albuminoids. This view was strongly opposed by 
iwes and Gilbert, whose experiments upon the fattening of 
gs showed that the animals put on far more fat than could be 
ade up from the whole of the fat and albuminoids in the foods. 
3 take one example, pigs were fed upon maize meal or barley 
eal ad lih., with the following results : — 


Table LXXXVIII. 



Maize 

Meal. 

Barley- 

Meal. 

Sfumber of Animals 

Duration of Ex^riment Weeks 

Driginal Live Weight per head Lb. 

Increase in Live Weight Lb. 

3 

8 

144 

73 

3 

8 

149 

97 

Per 100 increase in Live Weight. 

f 1) Albuminoids in Food 

(2) Albuminoids in increased Live Weight 

(8) Leaving Albuminoids available for Fat Formation 

(4) Fat in increased Live Weight . . . . 

(6) Fat in Food 

(0) Fat formed during the Experiment 

Carbon in Fat formed (6) 

Carbon in B^ood Albuminoids (8), less Carbon excreted in Urea . 

Carbon in Fat formed during Experiment, not derivable from Fat or 
Albuminoid V • • v • 

Relation of last item to the Carbon of Fat formed during the Experiment 

57 

5-3 

.64 

6-5 

5id 

57*5 

79 •& 

26 -3 

71-2 

12-4 

62-7 

68*8 

40-» 

24'7. 

45-3 
" ^7*4 

15*9 

J7-9 

•89 -2% 

'89'6% 




Thus, after crediting the fat put on by the animal during tte 
experiment with the whole of the fat in the food, and with the 
mfl-Tirmnn that could by any possibility be generated out of4he 
albuminoids in the food, there still remains about 40 per cent. 




248 


THK FKia)IN({ KXPKiriMKNTS 


of tho fill forniod wliioh coulil only him* ouuo’ fri>ni <-arltt» 
hv<lratos in the food. Similar Inil loss dctiHivo jn*i*lonri> wan 
jukhuuMl from tin* .shiu’p foodinji «‘Xpfritm‘nlH, and tho virw 
vvliich I^awo.H and (filhcrt maiidaitiod on thow I'rotindH fian 
.since I iron amply eoidirineil liy tin* exjwriments of Kniiti and 
oth(‘r.s. 

I\\ ItKLATIoN OF Ff»o|» CoNM MMi T«t LlVl. Wl M.in 

1 NeUF.A,sK. 

Taking the ordinary Idoths availahle on the farm, laiwe.s and 
(iilhert foiunl that oxen, .sheep, and pigs dilTered greatly in 
their powers of con.sniniiig fotMl, and in the rate at which their 
live wcnghtK would increase. During the whole fattenitig j«‘rio«i 
(»xen will consuint! {>er 1000 Ih. of live weight 120 to 100 Ih. of 
drj* food per week (e.//., in the oxjttriments, 2.0 Ih, cake, <M) Ih. 
clover hay, and OnO lit. Bw'eales), and sliould jmsliKm alKiiit 10 
Ih. live weight increase per week. Sheep, |>er 1000 Ih. live 
weight, %viU (5onsiinie in the saine time about 1.50-100 Ih. of dry 
food {44 Ih, cake, 52 Ih. clover hay, and 70 ih. .Swcnles) fi»r a, 
prodiKttion of 17-18 Ih. increase per week. The .satne live 
weight of pigs, consuming 260-280 lit. of dry fo<tfl(:{00 Ih. harley 
meal), will produce 50-60 Ih. iiicrwise. 

These results may lie exprossetl in a fahle as folhtws ; 


Tahfe lx XX lx. 
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These estimates, drawn up from a very large iinniher of 
trials carried out in the ordinary way of farming, have Iwen 
generally verified hy the later exact work of the (lerrnan expri 


FOOD !{KQrJHKI) BV STCX'K 24^^ 

if nllowniH'c he mudc foi* (!»• sujHTior fatfetHiig 
(junliticH of !!h‘ Kiij^lish .stiK;k. Prohaltly nt tlu^ {>r(‘H«‘tit day 
ituih the* fstiiiiafcs of the ainotui! of food mjuired pordijiiii aii<l 
tlio rate of iiicrca.se should he heeau.s<* (»f flat improve- 

iiteats that have heeu effected in (he breeds of our slicf^p ami 
(“attic, 'fhe mod(!ri) farm animal is in facit a more (dliciimt nniat 
j*r<»ducin^' macliine than it was fifty years nj,a), capahh^ of 
dealino with more food and of ^rowing more rapidly to 
maturity, thus shortenin'' the time durini' which food has to he 
coii.>^umed for purposes of pure maintenama' only. It is in this 
direction that new experiments and additional data are f'eiutrally 
iiei'did. for we know nothing of the relative, capacitiiis of 
modern hreed.s of farm animals as meat pro<lu(a!r.s or of tlunr 
dip'slive powers for vari«*u.s foods. Due economy iti feeding is 
only pos.dhh' if the practieal man can <d»eck his opinions hy 
rrferenee from time !*» time to exact deferminations of tln^ re- 
ijuirciiiciits of diflcreiil animals nt various stag<!s of t hear growth. 

Others of the pig experiiueiits showed how mimh less of 
the foi«l is nfili.Hcd for increase as the fattening advaneiis, 
jHirfly heeaiis*' as the animal in<;r**a.Hes in si/e it (amsumeH more 
food for purposes «»f warmtli and internal work than before, 
paiily also heeause the inerease made during the latter jK'.riod is 
more fatty and therefore drier than in the earlier stages. 

'Hie ft»ilowiug table show's the rates of inc.reast? of pigs ftal 
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on an anliiuitcd supply t'f barlfv iiu'al t<»y:<‘tljiT with a tixi *! 
ration of 1 11). per head of pea meal p)'r iii«‘m. 

Vy Thk CoMeoHiTioN ok Oxkn, Shki.i*. am» 1‘u;h. and ok 

TIIKIIl iKiUtEASK DUIUSt! I'aTTI KINO. 

The mo.st important work {-aiTiei! out at Eotham.Hted on 
the nutrition of animal.s was the determination of i he tM»iis|n>Hition 
often farm animals in different .Htaues of ^u-owfh ami fattenin'.'. 


|||||||||||[p MMiml Halttf I I 

Fuh 48.«™F«feciitftge tiju Wlidt llmllrii tif Oum, Hlirr|i» iiti4 

For this purpose the following animals were seleettal a fat 
calf, a half-fat and a fat ox ; a fat lamh, a store sheep, thre* 
others in the half-fat, fat, aiul very fat cotiflition ; a store anti ft 
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THK FEKDINfJ KXI»EIUMENTS 

It is obvious tlml from tlicso rosjiltsu omit of ovidonco 
can lx* obtaiuod as to what oocsou durino tin; fnnciiiiio prucoss. 
if we can assume that the particular animals selected fur 
analysis are typit^al of the ordinary run «»f live stock and 
represent the normal chanjie in eojiiposiiioii of fatteiiiiig 
animals. It is olnuous, for example, that fin* fattening process 
is properly so called ; even animals in the store condition 
contain rather miu'c fat than nitrogenous substance. Imt as the 
fattening {irota-ss advances the {>r«.portion of fat to albuminoid 
rises until it becomes two or even tlu’ce times as great. 
Of course the gross amomit of albuminoid in the animal 
tajiititmes to ineroase soimtwhat, hut the increase in the fat is 
so mm^h grtxitcr that the projsMtion of alhiimim>id in the 
tinished animal has been redtieed. It will he seen also that the 
fat anitnal (smttiins less water tliiin the same atiiiitai in the 
store c<tmlit.i«a» ; lean meat ptjssesses, itt fact, a coti«i<lerably 
hight*r pr(»|K>rt ion of water than fat does, so that the acciiintila- 
tion of fat ttutds to reduce the proiMirtion of water in the whole 
hotly. 

Frtuu the ttgttres obtained in these ex|MtrimentH the ctanjwsi- 
tion of the live-weight incrctwt! during fattening tain hti tiethieed. 
I’his is set tmt graphically in the titagram Fig. 41t, from whielt 
it will again he seen how much t>f the weight put tai by an 
animal during fattening is imulo up tif tilt itself. In t»xeti, when 
the ftittening process liegins witih* t!u?y art* yonng. as is generally 
the case ntiwtulaya, the incretise tjf weight will consist of almiit 
ono-thirtl water and two-thirtls tlry suhstant!e, the latter being 
iiMMle up t>f about If) per cent, of nitrogemais matter anil 7r)“W 
fier cent, of fat. For the final fattening stage, when the atiimal 
is full grown, about three-ijuartcrs of the itu;reaso will Isi iliy 
matter, containing only ahtmt 10 |wr cent, of nitrogeiioiis 
matter and 00 per cent, of fat. 

In the case of sheep, rather more minemt matter is cciiitaincil 
in the fattening increase, becatise t»f the lai^e content of w<k»I 
in alkaline salts ; hut despite the nitrogonous naturo of wcml, tli« 
amount of nitrogenous malter In the ipcimse is leas for sheep 
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than for oxcni, th(^ Italanco iiiado up hyau extra proportion 
of fat, wliicli may amount, to 7;”) per cent, of the in<*reaHi*. In 
th(^ ease of really fat the inereH.s<^ will eontaiii ahout 70 per 
CK'iit. of fat ami 7 per (a*iit. of uitro^eiioms matter, hfauj; even 
I(!ss uitro^eiions and imu'e fatly than with .sheeji. 

These (ixperiments on the eomj)o.sition «if whole animal-, 
which form th(! fundamental ha.si.s of our knowleiloi? of the 
nature of the animarH ImhIv ami of the ehan}j:e.H taking' phn-e 
durino oi-o^fh jmd fattening, liave never heeu repeated, 

Vl, “ Thk Mani hi; \'Ai.t:K or Foons. 

In oj’der to form any e.stimate of tin? value of different eat tie 
foods, it, is of much importance to know how far their varions 
maimrinl constitnents - nitrogen, phosphoric acid, and jwitash 
find their way into the manure heap, and s<» l«M;k to the 
farm. 

Ill th(i exporiinonts previously (iesia'ihcfi if, is hccii how 
small a projiortion of the nitnigonous c;on.Htit!ientH f»f foml is 
retained in the incimsed live weight of tfic* animal during 
fattening, by far the largest portJon being {sissjtd undigeste*! 
into the fieces, or excreted as urea in the urim!. VVfmn the 
animal is producing milk, however, a mutdi largm’ prrjport ion of 
the nitrf)gen will be removed in the milk than is retainwl in 
fattening increase, and the manure maile will Ims coiresjKmd 
ingly poorer. At the other extreme is the case of a working 
horse or a store beast not gaining in weight, when the whole 
of the nitrogen supplied in the ftxsi will !«» voided in the 
faeces or the urine. 


possiointy ot toss, peruse some of the nitrogen may pass into 
volatile ammonii^ or even into gaseous nitrogen, during the vital 
processes. ' 

The question of the existence of this log« was investigates! 
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i>ry. 

at i£ii!liaiu>tt 'l itt j uitli tht; nniiiiiilH l»cni<f (•.oiifuiwl in 
a fraiin* raHiiau tipun n zinc, luitton!. Tlu^y wmt watclnid 

«!ay and nijih? during' the cXjHTjmanlal [an’ind, and tins voidings 
\%»rc cdllcctcii as .soijfj as jia.s,m*ii, and analyncd at. regnlai* 
inicrv.ds f.tr dn JnalliT, ash, and nitrogen. The ixjHultH wer<‘, 
len^cvcr. nut sati.slactnry ; there \va,H a eon-siderahh^ |)()rtion of 
lie* of ihi* nii.uaanntled tor in (‘ither th(^ inere,aHe 

of weight or in tin' escrenients, 'rin* resuItH .Keeiiuid to hIiow 
that flje loss was |jroli/ihly due to the <lilHtniltie.s of pro|)(‘.r 
eoller!i«»n and analysis of the exerefa, ho that, the (ixperinient 
uas rejieatnd witli gr»‘aler preeuntioiiH in IHr>2. This time the 
hisseH of tdtri>gen %vere tnttc’h redma-d, ami wlnni tillowanee was 
made for the many »»na%*oidah!j* .mttux’eH of error, tht^ reHultn 
snj»|Mtiief| the idea that the %vhoh» (»f tJ»e nilrog(m of the food 
not jstored up an iiiere.ise panHeii iner into the ntannre, Otlntr 
exj«‘rimentH were made w ith nheep; hut again it wjih impoHailihj 
toavojii H*ane tm'ehanieai Iohhi*h, and to tilitninatt! the uncertainty 
dtie to lark of exart knowledg** «if tin* cotiipoHttiott of f.he 
animal at the liegiiming and rloHc of tlie (txfwtrimtmt, 

l.rfit«*r exjwrtimailH on flie {Continent havtt indtttsd Hct tin* 
point at re»sf, and nhown that there ih m» <Im)r»ip«Hition of 
nitrogenoiiH mii!t«*r of the fmal into iiitrogtttt gna daring tint 
iiital pr««’i*MHe«, laii that the whole of tins <HgeHt(td nitrogetn 
w hieh in ttot iitilim*d for itieritaae, milk, eU;,, ih voided in tin' 
urine. 

The pitii’tieal r|iientton whielt grewtly majuptotl the attention 
»*f Ijiiwea and fltllMirl waa that of the mannre value of thtj 
” many |nirtdia+«xl mttlo fmala eominonly umal in thia country, 
ami j»i1ieiilarly the eoinpenafition to Ito pni«l to i«i outgoing 
leiiiiiit for tlieir mtiigiiinpiion in the latter yoara of hia tenancy, 
la!forti lie coiihl he iiijijMwwtl to liav© ohtaiiiotl a rotiirti ftxnn 
I hem in the ahape of the mtp. f^awes and Gillteit therefor*' 
pre|«ri*«f ft fahle i*h«W’ftig the coitipoattion of tiioat of the ai-tthi 
fiMilft atniinoniy in in«% ami calculftted what pro|w*rtion of the 
nitrogen, phoaphorin ttcld, and ptttash prtKi^ would under 
comiitioni W retained hy faitiating stock contniming tint 
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food. Thus wIh'H stock consume lin>ct‘ii cakr. I, awes and 
Oilbert calculatifd that (uany <> il». of baxi produced I lb. 
ineniaw! in live weight, containinti: 1 ’27 per ceiil. of nilroeeu ; .''O 
that if 1 ton were* consume*!, out of the IOH‘4 lb. of uilrtyen in 
the cake (he animals would retain 4'74 lb., ami j«ish on to the 
manure lOPOO lb. The sjime ton of liu.see*! cake w*»uhi contain 
44 "8 lb. of pho.sphorie acid, of whi<;h the fattening animal wouhl 
only retain d'21 lb., and 21 '4 lb. of p»»tash, of which the animal 
wouhl only retain 0'4 lb. 

Whtm (h^alinjt, howewer, with h'.ss coneeiitrnteil foods the 
amount retpurtxl to prj>duc«! I lb. of increase would be nnieli 
greater and tlu!! toll taken by the animal of the nitrogen in tin* 
food would also increase. For exiuuph’. I ton of oat stravv 
contaiuH IP2 lb. of nitrogen, of whi(4« the animal would retain 
l'(5 lb. and on It'd lb. to the, tnaimre only Ht} |»er cent, of 
that which had been fed in.stead of over 5>"> per cent., as in tin* 
taiHC of linHced tjake. 

From date of this kind Ijiwes and (rilbml were able to 
ctilculate fur oju;h of the naimal fowls tlie amount <»f nitrogim, 
phosphoric acid, and potesli which wouhl g<» to t!n> mnimr**. 
The experiinentH beforts mentioned ha«l gtme to sluav that there 
is no loss of nitrogen during tlie actual feeding j»ri»c!e»s. 
However, it had been aseertaimMl tltat even umler tin* 
conditions (as in tlie aittle-foeding exjMjrirnent.s at Woburn 
before alluded to) there were grttat losses of nitrogen in making 
tlie thing before the manure reached tlie lain!, these losst’s hciitg 
due in the main to the volatilisjdion of ammonia resulting 
from the rapid fermentation tif the urea. Sut*h losstis, tiw, fall 
upon the urea, the most valuable pirt of the exerefii, sinet* the 
undigested fowl resitiues in the fieces tletay so slowly in the 
ground as to have a lower manure value. Very few tlata 
existed from which to determine how large fhcHe losses are 
under ordinary fanning conditions, hut lawes aiiti Oilbert. folt 
safe in assuming that at leiwt one-half tjf the maiiiirkl material 
voided by the «nimal is lost during the making and ston^e of 
the dung, and <loes not come Imck fep tlie land iii the nianui^. 

IT 
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The compensation table they <ln‘w up .slunvwi (1) th(‘ 
amount of nitrogen, phosphoric aci<l, aiul potash in the* food 
itself; (2) the amount passed by the animal after taking out 
what it required for its own fattening increase ; (2) the value of 
this voided material at the current prict^n <jf these (suistitiients 
in manures, or as they called it, tlio “ <»riginat manure valut* of 
the food. They then proceeded to arrange a (Himpensation 
table on the basis of allowing th(i outgoing tenant half this 
original manure value, i.e., assinning that only half of flu* 
manure material voided by the animal wtmld be foinul l»y the 
incoming tenant in the mamu’c heap lu' wa.s taking ov(‘r. This 
compensation value was further diutinished by one-fliird for 
each additional year between the datt^ when t he food was (;on 
Humedand the expiration of the tenancy : t hnsthe (tonqiensation 
value of food consumed in the last year «tf the Utnniuy would 
be half of the original manure valium, and it w<(uhl ht-eonie 
one-half less one-third of itself (or one third of tin* original 
manxire value) for food consumed in the sftcfaid year hefore 
the tenancy ended, and so on by Ktepn of oiuj-third less for 
each earlier year. These tables werti baHcnl <in tint etJinpoHition 
of the fattening increase as aHcei*t4iine<l itt f lu? pi’cvious expci’i 
rnents. Other tables were drawn up for inik'li cows, vvlucdi 
take a much greater toll of the food eonHunnHi. 

These compensation tables never [MiHscal into gtsnorid nsc, 
partly because of the somewhat complex eliiiraeder of flu* 
argument and the long period previous to the expiration of the 
tenancy over which they allowed coiuperi.Hiitifin to he claimed 
for the consumption of purchased focKl. They hav(i, howttver, 
brought into prominence the great eirora introdncMid by the 
common custom of paying lialf the pureImfMj price of tlie food 
consumed during the last year only of the tenancy, itinct! t he 
manure value of a food is quite independent of its ftMwl value 
and price in the market. Decorticated cotton cake, for example, 
has the highest manure value of any suTmtancc} c<»mnionly UMetf 
for food, yet it can be purchased, more ciictiply t han liitwujd cake, 
which has a much lower manure value, Maizet, again, however 
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valiua)le an a food iKumusi* of the carJ.ohydratcH and fat it, 


jcontains, lias but a low uuuiurt* vabu*, hiiico it i,s comimnitivoly 
'poor in uitro^iui and ash const it uauts. Thus t!it^ custom of 
[mying half tin; last year’s cake bill woukl result in piyiii^' t«»o 
lughly for linsc'cd cake and maize and fta* little tbr tadton cake 
(Kuisumcd on the farm. 

Ah an appn'ciat ion (»f these, facts oradniUly spread amon -4 
practical men in c'ousequcnce of the Ilothtimsted publicatifuis, 
and as recently le^islatiim rendered it imperative to put this 
({uestion of comptmsation due tt> the outgoing tenant <ina s<fuud 
scientific basis, the matter has latterly rectuveil more attention 
from fanners ami professional valuers, Mort* ilatit have also 
been accumulated as to the nature and exttmf of the inevitable 
lc»sseH of nitrogen in manure; making, si» that it has been |»ossible 
to construct a mmlifusl version of the original comjHaisalion 
tabki, which now seems to be generally aet;epted in priiiei|»lc; l»y 
the valuers ehiefly concerned. 


Vn.—M tSCKlJ.ANKOUK FKtautS'tJ Exi'KHlMKtSlX 
The abovti Hurnmary by no iiieaiw tixliausts the many 
experiments upon animal feeding which w<;re carried on at 
Rotharnsted, One set of trials, for examjile, was arranged to 
test the relative values of starch ami sugar as foods, with the 
result that they were fouml to he sensihly ccjHal, ns we should 
nowadays expect in the light of the cf|ual ealorifie value and 
similar chemical composition of t hest; fotsls. 

Other trials chiefly <l(*alt with practical |K>ints, as for 
example the long series of trials on the ccjuifsirative fattening 
qualities of different breeds of slieep—llampshlres, .Sonf lidowus, 
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of sewage-irrigated and ordinary meadow grass, with the use of 
malted foods, with the value of ensilage ; but these will be 
dealt with separately. 

Speaking generally, these feeding experiments of Lawes and 
Gilbert, while they will not bear the exact analysis to which 
later expei'iments carried out in respiration chambers can be 
subjected, so that the digestibility of the foods and the portions 
which go to maintenance, increase, and work respectively can 
be ascertained, yet gave a sound general idea of the broad 
principles of animal nutrition as they affect the farmer. They 
are noteworthy for the intuition with which correct opinions of 
the general processes were deduced by statistical means from 
experiments carried out in the main under ordinary farming 
conditions, opinions which have in all cases been abundantly 
verified by later and more accurate research. 
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VAI.ri-: OF MALT IN FI-:KI)IX(} 

A - ii» iIh' j,'ra>s ihaf |4i*mvn in st'wni'i' %vuh found to h<! 
Jill til* y fhi'in tin* uii'*i‘WH^i*d ^rass ; honoc, of o<ju}i.I wni^htH 
<‘f LTfi-n pa.vH. !lii' nijsinvap-fl produced tin* nioKf, iiieiraHc in 
l.tfirui!}|' Ihii i’;ti('uial(‘d tm u luiHiH of cipiai weigljfK 

of fljy m.itfer. fin* Hi-\vagedmgjited graas gjive f.h(^ hettor 
r^''•ul!!>i, the he^t returiiH however, ohfained when the 

grae.H wan fed to jujikiug eo%VH ; .sewage irrigation was foutnl 
to inerease {he atiioimt of milk which <;ould In? produced 
from I acre *jf laud three or four-fold. The herhage of the 
aewiige irrigateij meadows wa.s found to <>h{inge rapidly; tint 
I.egumiiii»we disjippeared. a.s di<l moat of the mi.stadlaneous 
s|«*t?ies, while the grasses lieeiutte rmricte«l to two or three 
vigorous s|H*cjcs, which i-oiistitutefl the whole vegistation, 
such as rough stalked meadow grasH, (;ouch gm.HH, cocksfoot, 
Yi*rkshirc fog, and lyc graas. 

II. IttMKStS I eoN MaI.T ANU liAKt.KY. 

Ill at the request of the Boanl of Traiit*, oxperimeutH 
w i?ri* miiii'iiiiken to ascertain the relative feetling value of tualt 
and of the h,irley from w liteh it was made, so as to see if any- 
thing was gaini?<I hy tin* prcatess of malting. It had often lioen 
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finally after (Iryin.t; and screeniuj': fhenc .sunpleH Hi-nt f»> 

RotlinniHted for arialy.sj.s. 

The restiltH are .sinaumriHtHl in the fonovviny:£t*'d»le, ivldeli 
hKowh fin- (wdi Hjunph; the {;litt!Jfj:eH during the various ''tagi-.n, 
as caletdatcsl haek t«i 100 |mu1h in tlie fn'iginal inaterinl. 

Table XCIff.— rf/* at mrinin rmr/ nf ihf rnnrhtMmn 

(if ihr MftUuitj Prmrm. i*r^jmrtwn. fa I <10 hfarf Mffpuaj, 
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1 m^n ! 
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H'll 

so IS 
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1 100*0 ; 

mrr* 

W'7*l : 

l‘i'02 
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t 
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sample No 

1, 

II mn 

•3 that 

lOO 


parts of grain yiolded 70 parts of malt ami 2*2 of malt dust, a 
loss of weight of nearly 10 per cent. This loss was, }n»wevt‘r, 
hugely water, for the next row of figures shows that of 100 
parte of dry matter in tlie original material 01'R were reeoveriwl 
in the malt and malt dust. During steeping 0 4 js*reent. of drj* 
matter was lost, consisting of mineral matter (largely dirt 
waslied dff the grain), a little nitrogenous matter, ami the ready- 
formed sugar in the Imrley. During the process of growing on 
the floor something over 4 per cent, of diy* iiialter is lost ; the 
table, for instance, shows a fall from lf0'0 parts of the origirial 
dry matter to 05 9 parts, by the eighth <hiy. This hm is due to 
the respiration process accomj^nylng growth, ami ritpreseiite 
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t'lxe combustion of a certain amount of starch into carbonic acid 
' water, which escape into the air. During the kilning and 

1 1 1'yiiig process there is a further loss of dry matter, this time 
*iia.inly a mechanical loss due to malt dust, which falls through 
tlxe wire floor into the fire. 

The further figures show that of the nitrogenous materials 
t'l iere is a little loss by solution in the steep-Avater, but little or 
*i.oiie upon the floor, where there will be no production of 
tVee nitrogen as long as the germination process is proceeding 
j>i*operly. The chief loss of nitrogenous material is mechanical, 
the drying and screening process. Similarly with the 
i xiixieral matter ; after the first loss in the steep no others are 
T>ossible save those of a mechanical nature. It should be 
1 X oticed, however, how much of the nitrogen and mineral matter 
I.xa^sses into the malt dust ; the yoxmg shoots of the barley plant 
4x,i*e comparatively far richer in nitrogen and mineral matter 
tTxan the whole grain. The other changes, which take place 
< lixring malting and are not shown in this table, would be the 
i ixcipient conversion of some of the starch into malt sugar (it is 
’W'ell known that malt possesses a comparatively sweet taste) and 
"tlxe migration of a large portion of the albuminoids of the grain 
itx."fco soluble nitrogenous compounds, chiefly amides and amino 
4xoids, the nutritive value of Avhich is certainly less than that 
of the albuminoids from which they were derived. The malt 
sxlso contains lai^e amounts of diastase, the ferment which 
oonverts starch into sugar during “mashing,” the next brewing 
process. 

The figures thus obtained for the changes during the 
rrxalting process agree with those generally accepted by 
rrxaltsters to-day, who expect to lose 10-11 per cent, of material 
^cflry weight), distributed as follows ; — 

Loss in steep . . • 1 cent. 

Loss by respiration . . 4-5 „ 

Malt dust . .. - • 4 „ 

Waste ..••!» 

The waste has been diminished by the employment of tiled 
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Hoiir.s to tin: lulu in.sfi'Ufi of \vov«*u wire. Jiut tin* oroal 1 u?,.h l»y 
respiration is a iifccssiiry j«irt of the prot-ess, 

'I’hc proltliiin then ri*iuaiiiiii}4 was to asr»*rl«ii« if tho 
iii(‘vital>le loss thus pro<hiccil in the t!ry luatti'r of tho ori5j:ijial 
harli'V \V(juld ho fouifHMisiitctl for hy aj» iucroasml lUi'ostihilify 
of the malt, Kxpcrimoiifs with stork w’orc ijiailo as follows: 

• (1) Milch cows, two lots of toll, ^•ach auiiiial r«*t'civiti|j either 
;} 11). of Imrlcy or its c«iuivalctit in limit {mt cUmu. Tin* 
cxjHsrimcut lasted for lit weeks, aial the atuouut of milk 
producctl and the live weight of the cows were ree-i»i'dei|. 
'fhe getu'ral ration to which the Iwirley or malt was 
aihled consisted of 2 Ih. rii}w cake, 2 Ih. heaii meal, H 
Ih. clover chair, 7 or H Ih. straw chalT, and BO Ih. Swedes 
per hi««l per tiiem, 

(2) 'fwo lots of three.”yi*ar-ohI htiUocks wens fatlene*l, 
receiving reHjMsctivcly eitlier 4 Ih. l«irley Ko, 2 or its 
equivalent in malt, in addition to a general mtioii of 
clover chaff, cake, and S%reiles nr/ lih. The expisriment 
lasted 20 weeks. 

(:)) five lots of twelve llarnpshins Down w’cther lamhs tmdei* 
cover. IjOt 1 had for 10 weeks | Ih. and for 4 w’ceks 
I lb. barley No. 1, per head jjcr diem. I,ot 2 had an 
equivalent in malt from harhsy Ho. I, Lot '3 hail 
similarly | and then 1 Ih. of barley Ho. 2. larf 4 had 
the equivalent in malt. lait f> liad the same iveights of 
a mixture of two |«irts mimaltwi ami one |iait tiinltcil 
barley Ho. 2, The general ration was 1 Ih, of chn’i*r 
chaff, and cut Swedes ad lih. 

(4) Bix lots of eight pigs for 10 wec?ks. Lot I had tinmidted 
barley No. 1 ad lih. Is»t 2 liad the malt from the same 
Irarloy, also ml lih. 3 hail Isith Imrley No. I and its 
malt separately ad lih. Lots 4, B, 0 were similar, save 
that Imrley No. 2 and its malt were suhstii tiled. All 
the pigs in addition hail 1 lb. eaeli of |s?a meal fs»i* 
diem. 

In all these trials the final differenot^ in the weights of the 
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»-u}n|«irat!v<' Itti it rcivinjj; on t !»• uiic luuitl hnrloy and on tlin 
uihi-r an itnanriiy turnm} into malt, wta-n synall, and iiol 

im» !i r« in*i%»‘d from the inrvital»i*^ nrror in l•XJH•rinu•ntK of tiji.s 
kind, iiut, a> a ndi-, fh<* difliTcncnH wort; in favour of the 
liarlcv, N» lhal Wf may i>unc-Iud«^ tliat nothin}4 liad launi gainnd 
l«y fho whitdi tin* malt had ttudcrpmo which would 

for tin* Iokh of dry matter. Thm in ijidccd w'hut. wv 
»*!jould hav»* i'S|H*ftcd ; vvi* now kmnv that tint whole of tin* 
harli'V i.H oadly diyestihlc csccjit a ccrfaiti amount of huHk. 
Tliif* hndi in iiiiairi'ctcd hy tla* malting {>roccHH, ami in not 
n-mlcrcd thrrchy more iligi*Htihh*, 'rim malting changt^H, in 
fad, fum'mt in a «li*.HtriU'tiou of ,*»om«' <tf the moat soluhle and 
readily digeMihle earlKihydrafex, ttjgether with ti tranaformatiem 
of alhumiiioid into atuidea and ‘ithiT nitrogen compoundH of 
lesifi tmtritive value, Thn.** the general tumduHion may ho drawti 
lhal it ia not wonomieal to malt grain latforo tiHing it aK food 
for »<t*a’k ; ainee, putting jui o»ie aido tho ooat of tho malting 
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tli(‘ food of n luatfrial rich in cytnsc nuiy he cxpi'clcfl indim tly 
to aid the more ready di.sHfjlufion and aHsisniiation of the Hfarch. 
Huch a material in malt, provided it han not liccti kiln dricii at 
too high a tiiiuperature, f(»r, during the pi-m-exH »>f germination to 
whi(;h it han laten Huhjected. there %h a eofjMderahle prodm tion 
I of evtane. in fh(* grain. Hut the rationi>» n.^i'd in thew* exjieri 

ments were not ri(di in eeliulo.so material. eonHiajuently tl>er«‘ 
wa.s no real te.st of whetln*r the extra eytase hrongltl in hy fin* 
malt Would have any henefieial elieet. 

H I. “-Kxukhimkntk reox KxKn.Aor.. 

During the early eiglitic*x in the hwt century, owing to a 
Huc(;(!.HHiou of wet HUiinnera, the tjueation of eiiailnge eaiin* 
i promineidly hefore the agrieultwml pulitie, and fannerM wen* 

I >»’g<‘d in (:a»nve,rt their gtiiH« and fnragH eropa into ailagM iiiatea*! 

of running the riakn of Io»« ami of waatial time iiichlent to tfu* 

, dk .i. . , A £ l!.k 'MM .'Art m-*. 





f.uSSKS IN MAKINIi SILAIIIC 


*i«7 

it' jiiii ill jHitl Mill. i«i siilijcct lu HUdl* viiriiiHiiii.s in 

% niiiSriii ihi'i! ;» vi'iT Isii'i'o* unjulx’r of HiiiuplfH nn* nojiiiriui 
Iroid ii.liifh !o n fair avuT.i}'!' for tin* <!<)i»po.Hiti<ni oftlio 

H lioii'. 

r«*Hulis j iliiit till* liiHHi'.M vvi'fi* mit ho a.s 

vv;i». roiiinumlv HtijijioHi'd ; no! iiioro fhiiii » jii!!* of 

till' totiil ilrv iiiatfiT of ill** I'loviT, ami iilioul lo j«*r cont, of tho 
*lrv mntior of ih** iij>jM*arf‘*l to Im* Itwt. Tin* iilso 

iijilir.itril ii fortniii los.H of iiitrojjfwuiitx iiiiittftr ; tin* oliiof (*liaii^o, 
liott i'vi-r, f’liiiHistoil in a ciitivui'Hion of a liu’go projiortion of t ha 
aHiinniiioiilHinto nil roi;«*ijonH ^•otn|>^llI»(la of lo%v(*rgi*iMl(‘, lUiiiibH 
lunl kiwlri'il limljoji. Th»« Iohh of ilry iiwtliof cthiolly foil upon 
f in* noil iiilrojfointiiH foiiHtitiii.mtrt, lint t in* oviiloiino wnn all 
llni jilon iIimI nny of fitn woinly liliro whh couvci’t tnl into 
ji niori', Holiilili* ftfi*l ili}t«'«*iil»li’ form. 

This tifsst Htoji ill till* osiM'rifnoiitH <;oiiMi«ti«l in tiwting llit? 
f*‘«**li!ig valiir of tho «tljtgi! (iriwlucwl, mid for tliiH jnirpoMf. 

^- 1 * 1-0 minli’ hotli with fntlntiiiig osistt and witli 
t'owM in milk, Two lot?* »if li vo oxi'ii \%'i*r« iiicknd out mid fisd 
wifli «1 111 , mko and li», lairloy imnil imcli jitn' difiii. In 

iwhlitioii, tin* ItoiwtM in«iiii?lol roi'oivndfjri Il». ofolavt'i'siiljigt', and 
llio IwmsSi* in lilt* ollii*r lot 12 1I». of idover t'littflf rtttd §0 Ih, of 
fiwpilw. Till* »sSfn*rifiM»iit limtc**! IHiliiya. 

Tlio lliwd won It Hlitglilly in favour of the Milage; tlin 
lieiista itwwiviilg Milage nwwie an iivi'ritgo iiioreaac of lii'fi 1I». per 
««*ek {*r>r KMItl lb, iiwmi livn-reiglit, an againat a eorreHiMitKiiiig 
fnort«*s of I4‘S lb. rniwk by the Iwaata rifoeivtng roots and 
eliiifcl hay,. 

Ill tlw otheroa|ie««ifsiitwtfliitilIchcowij,twi) lota each of *20 
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lit. of iimap‘l-s tjuaiililii’.'' <«rr;m;j:oil !(t supply «'•»■}» li»i wiih 
(‘qiial iimouiifH of dry iiuittiT. Tlio I'xporiiiu'iif lanfoil HI wocks. 
<ukI was iiiiiuofliatcly citiitinucii for aintfluT d wafks with 
lucailow jj;ra.ss .silap*, a rtaliiftiou hrini' iiiadt* ill flu* rliatt Irojii 
10 to 7 Ih., liccausf of the larjiiT aiiioimts of woody fdtro intro 
duct'd Itj tlic orasH .silatic. 

Till' results scciuctl to show that the ettws «»ii tlic 
silajj;!* tended ttt fatten rather iiatre than flntse «>ii the mangels ; 
tliouji:h giving sliglitly less milk llityv gaiiietl in live weight, 
while tint mangt;! fed ettws lost slightly in weight. 

With meat htvv -grass silage, however, there was imt the 
same tendmiey to fatten, (he ia»ws losing weight ; the milk 
yiehl was |iruetHudly etjiuil fi'iitu tint tw<» lots of eows. Wheji 
analysed, the milk of the aiangel ftsl eows always sliowi'il a 
higher percentage of htith total stilhls anil of hultcr fat than 
that of the silage fed cows. 

'I'hc genera! eonchisions rem^heil wu're, that gmal f»«sl would 
make good sihige without much more loss of dry fuiitter than 
ismilly takes platto in hay-making, eh;. ; also, that gmsl silage is 
a useful fiKKl for both fattening oxen and c-ows in milk. It did 
not seem likely, how'ever, that it wouhl {siy farmers to grow 
crops specially for silage ratlier than to gi*ow nsits. 


I V,- -The (jo.MH>siTioN of Whk.vt (Iiiain am» its Mint, 

Piioiu'cm 

The question of the fmal value of the various nmterials 
grown on the exjxjrimental plots was one always before laiwes 
and (irilhoit. Partienlarly they were prewcupiisl with anytlitiig 
relating to the prisluction of wheat and its variiitions in 
composition due to soil, season, or climate. Hie origirnd plan 
of their investigations included a study of the influetice of 
season and manuring upon tlio eonijsisition of the wdieat grain, 
and a further study of the varieties of wheat and tlioir aikptii- 
tiou to various climatps and localities in the great range of the 
earth’s surface over which whaat is tmiwn. 


COMPOSITION OF WHEAT FLOUK 

In a paper published in 1857 they gave the resultH of a 
series of experimental millings of wheat grain from throe of tin* 
plots — ^the unmanured plot, that which receives nitrogen only m 
the shape of ammonium-salts, and one that is coniphdel) 

manured with both minerals and ammonium-salts. The grind 

ing Avas done by an ordinary millstone, then the only method 
of grinding wheat. Figures were obtained showing the rchitive 
weights of the nine mill products — flom‘ of various grades of 
fineness, tails, sharps, pollard, and bran — figures which 
are unfortunately of little interest nowadays since tlie i*olh‘r- 
milling which has become universal has introduced qnit<* *1- 
different series of separations. Roller-milling, also, no long«'r 
l)riiises the bran in the way that was inevitable witli stone 
grinding, so that the composition even of the finest products 
has been to some extent altered. Further determinatiorm W{*rc* 
then made of the dry matter, ash, nitrogen, and phosphoidt; a(dd 
in the various products, as had previously been done for stivernl 
seasons with the whole grain. The results showed that tht* 
percentage of nitrogen was lowest in the products at the Iiead 
of the dressing-machine, i.e., in the flour itself, but iticreaHcd 
considerably in the more branny portions,, being at its higlic.^t 
in the sixth product, the so-called “coarse sharps.” Tlte ash 
increased to a still greater degree in the coarser portions, being 
ten times as great in the coarsest bran as in the finest flour, ami 
the percentage of phosphoric acid augmented with the inci*ea.Mc 
in the percentage of ash. 

But Lawes and Gilbert protested most strongly against tluA 
idea which was then beginning to be held, and which has never 
ceased to be promulgated as a sort of creed — that the whole 
meal of the wheat grain is the most nutritive food, and that 
ordinary white bread is deprived of much of its value because of 
the removal of the bran. 

For example, Gilbert wrote in 1881 : “ The highen* |«fr 
centage of nitrogen in bran than in fine flour has ft'crpicjiitly 
led to the recommendation of the coarser breads as mc»rc 
nutritious than the finer. We have already seen that th(^ 
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uion* Oraiuiy portioiin uF the p-ain aUu riiiifain a Jinn!» 
iar^'cr pfrci'iita^n* of aiinoral mat I or. . . . Ii ih, laiwcvi'r, 'vvi* 
think, very <pu*Htioiial»lf* whaihiT, upojj such data aloin*. ,i 
vali<l fipiniita can lu* forind of the roinparaiivc vahn*?*, an foo'I, 
ofin’cad nmdc from the* fmer or tuarwr flonr?i from oiu* and 
tin* same orain. , . . Again, if is an indis|a»!al»h* fart that 
hrannv parficlrs, whi’ii athuilted into tin* Hour in the degrin' of 
imperfeef division in which onr itnlinarv milling pri«’csscs Ica^o 
them, v«*ry considcrahly increase the |»‘risfalfic itclion, and 
hence the alimcnlnrv camil is cleared mindi more raphlly of its 
c«»nfents. It is also w'cll known that tin* poorer classi'S alimot 
invarifihly prefer the whiter hread ; am! among some «»f tln in 
who work the hardest, and who, consequently, would soonest 
appreciate a difleretice in nutritive qualify (navvies r«»r example), 
it is distinctly statin! that their preference f«ir the whiter hread 
is foumhnl on the fact that the hiwviier jatssi's tbroiigli them 

* -1* . i * t* ^ i •. . .. . . i . * 1 
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perfect state of fineness, and it were found that this prevented 
Lhe aperient action, and that other evils were not induced, or 
l^etter still, if more of the food material can be separated from 
the bran, and in either case without more cost than the saving 
■would be worth, there might be some advantage. But, to 
suppose that whole wheat meal, as ordinarily prepared, is, as 
lias generally been assumed, weight for weight, more nutritious 
than ordinary bread-flour, is an utter fallacy, founded on 
theoretical text-book dicta : not only entirely unsupported by 
experience, but inconsistent with it. In fact, it is just the 
poorer fed and the harder working that should have the 
ordinary flour bread rather than the whole-meal bread as 
hitherto prepared, and it is the over-fed and the sedentary that 
should have such whole -meal bread. Lastly, if the whole 
grain were finely ground, it is by no means certain that the 
percentage of really nutritive nitrogenous matters would be 
higher than in ordinary bread-flour, and it is quite a question 
whether the excess of earthy phosphates would not then be 
injurious.” 

The persistent idea that the branny portions of the grain 
possess a higher nutritive value comes from trusting in the 
crude chemical view of a century ago, that the percentage of 
nitrogen alone measures the value of a food, without taking 
any account of its digestibility and the amount of these 
nitrogenous materials which can be assimilated by the body. 
As to the extra value of the phosphoric acid, there is no 
evidence to show that the ordinary dietaries are in any way 
deficient in phosphates. The whole subject has, during the 
last few years, been elaborately tested experimentally in the 
com*se of the nutrition investigations of the United States 
Department of Agriculture, with the result that Lawes and 
Gilbert’s opinion of the superior nutritive value of white bread 
has been fuUy confirmed. 

llie other question raised by Lawes and Gilbert in the 1857 
paper, that of the eflfect of the different systems of manuring 
upon the baking quality of the wheat and the differences in 
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(Hnupositiou b(‘tAV<M‘ii Kn-liHh aa.l fuivi^ni «h.*at. i. 

again at thn present time being made the snbjeci ot invest iga 

tinn at Rnthnmsted. 

.■On son..- I'ointH in tin- C.n.l.osmon of Wh.-ol Umo. its fr^ninrt.ju Ih, 
Mill, and Hn-mt." -/.no, ri.m., .S.*,, 10 ( H.u ). ! ■ h'lhunut..! 

.-Un-ad' S.n. hu. Mnnnry 'I. i-si, Mr,,,.,,,.. 

Vol. V., So. 1ft. . I , . , 

..On tin- H.-w«r of Towns {Third Hv^n.ri and A,.i«-nd,.-. s 1 . .. .not ol 
the Uoyal foi.ni.ission, j.r. M-nt.-.l to I’.irliann ..Ih hoih»m,u.i 

Vol. !V’,, No. ‘i. , . , i »i, t > 

(i.n-H.-nt«l to Unrliani.-nl) of I-Niwriinents ,,nd.Tn.U.-n .y Unhs 
of the Hoard of Trade to d.-ti-rinine tin- U.-hittv.- ' dio-s of I nw .ll.d 
and MaU.-d Ikrh-y as for Sto.-k, iHftft,- Mrmmr., \ oJ 

KKueriinenta on Kiisila«e wimliH-ti-d at llothanisted. hiasoii 

(IM, April ‘i7 to Atig. 10, mn. \ol iV. 

No. 12. 
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Th*” rtf*’ iiiilt*’rtt«ti )>y tiiHiah ; 

•t. H. f.. til*' kSf Sir .Ii*lm itfiiiu't lj»wi"i. 

J, II. t». Itir l«t*i Sir .1. Ilfiiry (Jillwil, 

It. W. It. WnriiiittfUi. 

A, ». Jl. A, U. lUlI. 

S. H. M N*. H. J. MiU. r. 

p. i {t«i<tiiiin«lMt r«*frrn l*t thr t*'fi iMniwt fiiliiini'Ji «f ri'iirinti whirli 

wrrir tU«tHh*ilrt| in JftWJt iiit4 siorr t«» tlir fhift l.ittrMrtini, Aifrii'iiltHml Collrupf, wwl 

li«jwr)»*»r»il S!*li*w«, Iwitli *t Imin** »iwl nhmrtif}. 

J H. A, A Jmtntnl •*/ IPf^t AtfrifuUirnl .S«*PiU/v i>f Hmfhmit, 

J. 1 ' A nf th» t'ktmititl t'iurhtjf, 
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F. A. Manning . . . 1849-1858 . . Chemist. , 
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This work, begun in the Rotbamsted Laboratory, was continued up to f 

1902 in his laboratory at Charlottenburg. 1 , 
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W. A. Peake .... 1878-1882 . . Chemist. . 

Died 1883 (see Tram. Chem. 6’oc., 46, 1884, 617). 
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